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Ac   acetyl 
 
acac   acetylacetone 
 
ACP   allenylcyclopropane 
 
BINAP   2,2’-bis(diphenylphosphino)-1,1’-binaphtyl 
 
Bn   benzyl 
 
nBu   normal (primary) butyl 
 
tBu   t-butyl 
 
cod   1,5-cyclooctadiene 
 
Cp   cyclopentadienyl 
 
mCPBA   m-chloroperbenzoic acid 
 
DCE   1,2-dichloroethane 
 
DHP   dihydropyran 
 
DMAP   N,N-dimethyl-4-aminopyridine 
 
DMSO   dimethyl sulfoxide 
 
dppe   1,3-bis(diphenylphosphino)ethane 
 
dppp   1,3-bis(diphenylphosphino)propane 
 
EDC   1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
 
Et   ethyl 
 
LDA   lithium diisopropylamide 
 LHMDS  lithium hexamethyldisilazane 
 
Me   methyl 
 
MOM   methoxymethyl 
 
Ms   methanesulfonyl (mesyl) 
 
nbd   [2.2.1]bicyclohepta-1,3-diene (norbornadiene)
 
Ph   phenyl 
 
PPTS   pyridinium p-toluenesulfonate 
 
iPr   isopropyl 
 
TBAF   tetra-n-butylammonium fluoride 
 
TBS   t-butyldimethylsilyl 
 
Tf   trifluoromethanesulfonyl 
 
THF   tetrahydrofuran 
 
THP   tetraydropyranyl 
 
TMS   trimethylsilyl 
 
Ts   p-toluenesulfonyl (tosyl) 
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lm-lm ÍÎq%h6e β-lmß4^ β-lmµà§ (Figure 4)y
cx^f¼½ β] γlm-lm eÍÎxfγlme¼½»Ú]]
qfα@] βlm eDE§yk5Q891£
 α¾¿/eëì]fβ-lmecf¾¿/µ/$%/DEe
×y7)fβ rmeëì¢ f/DEßβ-lmàôfβ- !


















ä1_`ß#3fVCP ]Y9à]1:127¦lm-lm pi k
?;<hfa=>78]?@]f[5+2]/#BCDEe×uvA
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w^fä1_`åP1 11 #H\]\ Co2(CO)8]DE5f^r_Ó




dB Saigo w^ Wilkinson78ëì3fACP 13 ef£Kgu5]chf
_`µ/$5/#R"#DEe×ufα-1:!OMi-. 14





Ñ5 Murakami w^fACP  15 9!a=>78C÷vf5 jkÓ#lm
Ck3Cl]fö Saigo wDE]ú6_m&¿/eµufQ89
1£enkx5fÓ#lmop$5[5+1]q/DEe×uvfα-1
























ccÑQ}v5*%fVCP  ACP £_`^¯¢ f~µ/
ycx^_`lm-lm ])Å p "uv4]
-÷wxy7fnA^ 60°§uf_`)
 ^ 104°f©7ev4y5®f_`lm-lm 
^ne7 Òxe ßbent bondànkuv)f
 Ub1PßDH° = 65 kcal/molà^ f;0_` Ub1PßDH° = 86 
kcal/molà*q¾¯7v4yÑ5f_`  104°^ sp3 jk
109.5°*q¾¯f90° c p í4v4yxþflm-
lm 4S?)4vfcÁ4¯we sp3 jk*q p
"<hc]ßsp5 6jk13à*Uxv4yc p "$4f


















Ee×uvf[6.3.0]-. 20 e(wxc]HIu514(Figure 12)y{/#D
E4uvf#3*%7DE,exv4y7f®a=>]
h12]Ó#Z/#*P£ I enkxy|P
£ I w β-lm*,Qåµ/]f³¯KLZ







 Wender w^,QåP1-.]ÀÁ 5 21  2jkÓ#l
mCk3f[RhCl(CO)2]2 ]Cl]fÓ#lmop$%[6+1]/DEecf





2010B Aïssa w^f,Q eç u5,`!O]1O
 ;<h 23 â`"a=>78ëì3Cl]f?@A 
















ä1,Q]1: 25 /#DE<=u5y7f25  5 














y7fst¿/¢ f7Áb1P(SE = 27.5 
kcal/mol)UÙÚ¸uvfÑÒ¿/µecfPr:m£
A enky4v1:elm-a=> opuv£ C nku5f
a=>KLZ*ve(wx (Figure 16-path a)yfst
(¿/¢ föQu5*%¿/]v}v¨u¯µ/u¯45®fÑÒ
-1:]a=>]Ó#Z/#*P[4.3.0]£ B enkufB  β-
lm*(¿/µ$5/e×uv£ C ]7f1Z




[4.3.0]£ B  β-lm*fcxÑµ//0e75I!"7,Q
lm-lm !"#vwZxé7yz3Ek5{§yc	w¨©^f
ú6P£z3c]*f,Q(SE = 26.3 kcal/mol)*











£ D k¨Õc]ey|fD a=> α w©+5lm;














 1959B Benson ] Lindsey ^fDEk?345?@[2+2+2]/#BCD
E/0uv419y7f]m`#H\]\ Ni(acac)2 ëì3f80°C
Cl]fm`]g?@*[2+2+2]/#BCDEe×ufN!b
 27 e 45%GD(wxc]HIu5(Figure 19)yÑ5fm`]­?@
















 Ma w^a=>7834& 35 ] 36 ?Z?@[2+2+2]/#BC
DEHIu521 (Figure 21)yDEk?]uv345fk 37 ^nb:J
89!+abTc]]7f37 ]èab] Diels-Alder DE*
(/"	





2011B Alexanian w^fa=>78345 40 ] 41 ]?Z?@
[2+2+2]/#BCDE*fN&µ/u5 9	
 42 ¶Z7
 kEku522 (Figure 22)yc*%7b--DE^f 40 ]











Ñ5 Alexanian w^º» 43 ]12 44 ][2+2+2]/#BCDEeä+















1994 BfMalacria w^-a9 46 ]#H\]\²³1N345?@A
[2+2+2]/#BCDE/0u524a (Figure 24)yGH!"7 48 34]¡I




/0^cxÑÒ 3 ÐÁ§yxw#3¿~y 
 Ojima w^b-a9]Ó#lm[2+2+2+1]/#BCDEª«§f12
#ÀDEk?<=5ya=>78ëì3fa9]ÀÁ 5
50 ^f?@A[2+2+2]/#BCDEkÁ§ef-. 51 S÷c]HIu5
25 (Figure 25)y{/0^f^ 50#À^<=xv474y 
 
Figure 25 
 Sato ] Saito w^-1:-12 3 k?ÀÁ 5 52 1iä=>
78345¶Z?@A[2+2+2]/#BCDE/0uv426 (Figure 26)ycDE
^f 52 A· ]1:e1iä=>Ýuf1iÂ
[3.3.0]£ A nky4v12elm-1iä=> opuv1iÂ89






 wÃ¯í Solà ] Pla-Quintana w*va=>78]&-1:
 54 §4^&-12 56 345f?@A[2+2+2]/#BCDEe/0















]ÀÁ *f4/Á_`(SE = 27.5 kcal/mol)Á7w








































5 (Scheme 1)yÛa9 LHMDS ÜCfMQâ1ã1O
  58,59i,j,60 ]DEfE_`111²P1-. 61a-d,g-j,62 
39-74%GD ku5y(wx5Û_`111²P1 61a-d,g-j,62  PhSCl ]
THF £-78°C ?@uvf&1ÝÞÓb&i1nk][2,3]°ßN'PK×f
&1Ýàä1 ku5y| mCPBA Ó#4fáâGD 58-84%1Z
ä1MQ-1: 63a-d,g-j,64 (5(Scheme 1-A)yÑ5fa`1m
QP1T 63d Ó?@*vmQP1#4faP1 63e G
D 99%(5f`äNÔãäÓ§4^`eå91! ]DEf
Eab&i1 63f,q ¥xYx 91%f50%GD.45(Scheme 1-B)yÑ5f
&1æä1#À#3*% ku5y_`11
1²P1-. 61a -78°C ç!Óab`1! ]DE5fTHF £Kguv
æ&æÂPNä1MQ-1: 63k  41%GD(5
(Scheme 1-C)yÑ5f_`111²P1-. 61a  MsCl ]?@uvPN
¥Wu5f1:1!`=>èé§4^ Grignard èéwêëu5:ì_PNè
é]DEfEÛ1:1ÝÞä1eu5 63l-p áâGD

























58: R1 = Me, 59i: R1 = nBu
59j: R1 = CH2OBn, 60: R
1 = H
LHMDS
58 or 59 or 60





Reaction conditions: (a) conc. HCl, MeOH, rt
(b) p-NO2-C6H4CO2H, EDC•HCl, DMAP, CH2Cl2, rt, 63f; (c) p-Cl-C6H4COCl, DMAP, CH2Cl2, rt, 63q
a
63f: R2 = COC6H4-NO2-p (91%)




Reaction conditions: (d) MsCl, Et3N, CH2Cl2, 0 °C; (e) LiCl, CuCN, R
3Li, THF, -78 °C, 63l, 63n;




63l: R3 = nBu (75%)
63m: R3 = iPr (81%)
63n: R3 = tBu (53%)
63o: R3 = Bn (55%)












61a: X = C(CO2Me)2, R
1 = Me (73%)
61b: X = C(SO2Ph)2, R
1 = Me (50%)
61c: X = C(MOM)2, R
1 = Me (39%)
61d: X = C(CH2O)2CMe2, R
1 = Me (66%)
61g: X = CH2, R
1 = Me (74%)
63a: X = C(CO2Me)2, R
1 = Me (72%)
63b: X = C(SO2Ph)2, R
1 = Me (58%)
63c: X = C(MOM)2, R
1 = Me (66%)
63d: X = C(CH2O)2CMe2, R
1 = Me (62%)
63g: X = CH2, R
1 = Me (80%)
63h: X = NTs, R1 = Me (67%)
63i: X = C(CO2Me)2, R
1 = nBu (84%)
63j: X = C(CO2Me)2, R
1 = CH2OBn (79%)
64: X = C(CO2Me)2, R
1 = H (82%)
THF, -78 °C
2) mCPBA, CH2Cl2, 0 °C
(A) Syntheses of Sulfonylallenes 63a-d,g-j and 64
(B) Syntheses of Sulfonylallenes 63e-f and 63q







(D) Syntheses of Alkylallenes 63l-o and Phenylallene 63p
THF
-78 °C to reflux
61h: X = NTs, R1 = Me (71%)
61i: X = C(CO2Me)2, R
1 = nBu (68%)
61j: X = C(CO2Me)2, R
1 = CH2OBn (63%)
62: X = C(CO2Me)2, R





 ä1,Q-1: 25 (R3=H)345?@A[6+2]/#BCDE^f1Z
[6.4.0]-. 26 (R3=H)k]]qf,`!O 65 (R3=H)ke
íîx5 (Scheme 2)yc,`!O 65 (R3=H)k^fACP-1: 17 
?@A[5+2]/#BCDEïÕDE,w^¼½74 (Figure 16)y65 (R3=H)
k^fst ]1:ea=>ÝufÓ#Z/#*vnkx
P[4.3.0]£ A )4vfβ-rm 28 e×u5c]*]-÷]
*¯¼½c]ey	fβ-rm<574 25(R3≠H)345¢ ^




DE<=5 (Table 1)yÑÒfä1MQ-1: 63a  10 mol%
[RhCl(CO)2]2 ëì3f:£Kgu5]chf1ZDEe×uv[7.4.0]-
. 66a e 30%GD(wx5 (entry 1)yÑ5c)f&'[2.4]r_Q-. 67a
e 38%GDku5yc*%a=>7834c]fI!"7>¿/
Csp3-Csp3 µe×c]e½w]75yÑ5fñTò&' 67a k
eî®wx5y&' 67a k^fMQ`1 Csp3-H  !"#
e4Suv4]-÷eó§fô±²õ4q§529,30yuu7ewf
ÑÒ^1Z[7+2]/#BCDECD*¯×5®fÛa=>78<=
5y78[RhCl(CO)dppp]2 W¯u5]chf1Z 66a eGD 29%f&'
 67a eGD 45%(wx5 (entry 2)y|,QµC§5
RhCl(dppp)2 345]chf 66a GD^ 39%Þu5ef&' 67a 
GDq 52%Ñö÷x5(entry 3)y78]uv[RhCl(cod)]2 34]DEøeùú
ûuf 66a ]&' 67a GD^xYx 19%f15%]4ÒxqÄ3u5 (entry 
4)yf10 mol% Wilkinson78]:£Kg]f 66a e 73%]b




 66a e(wx5 (entry 6)yc)f&' 67a ]TI½j e®u5e\
]¦Ñ55®f10 mol% Wilkinson78]N1b£ 80°C Clyz]
Îu5yÑ5f&' 67a GDebc§5 RhCl(dppp)2 345DE)4vqf
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DEu35]chf&' 67a GDe 81%ÑÞuf 66a ^Ò
kÁ§5 (entry 7)y&' 67a h4v^Øu¯¼½y 
Table 1: Rh(I)-Catalyzed Cycloaddition of Allenylcyclopentane-alkyne 63a 
 
öHIu5[7+2]/#BCDEyz34vf|¥E3<=u
5yÑÒf·; X W¯u<=5 (Table 2)y a`1ßPN]ú6f
Thorpe-Ingold C 31]uvf&&1æä1 63bf&N:`1
63cfa:8T 63dfaP1 63e 34vDE5]chf
xYx 85%f85%f78%f51%GD1Z 66b-e e(wx5 (entries 1-4)yG
DÄ3^Hwx5efrÓ 63e )4vq{DEe3 §
c]e½w]75y4v&`äNeå91`1 63f 34
vDEèÁ5]chf:£KgÛÜe§5ef1Z 66f e 53%
GD(wx5 (entry 5)y(wx5 66 T^Û NMR &MN1OPQ*
Õu5ef/# 66f S"e*5c]wfX RSTUV4f66f e
[7.4.0]	
uv4c]í7q]u532y| Thorpe-IngoldC<5
74¡7`;w7 63g DE<=ufE 66g e 53%
GD(wxc]íîu5(entry 6)yNTs63h^N1bKgyz3f
 66h  60%GDS÷5 (entry 7)y4vfMQ 1`1
#À.puv<=5ynBu .pu5 63i 345]chfö]ú
6MQµecf1Z 66i e 47%GD(wx5 (entry 
8)y¯ea1:`1 63j )4vqf:Kgyz1Z
 66j eGD 40%ku5 (entry 9)y 
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"æ&æÂPN 63k f10 mol% Wilkinson78ëì3fN1b£ 80°C
 4 øCl]fDE^üuf1Z?@A[7+2]/#BCDEkÁ 66k e 69%
GDku5(entry 1)y|f@ªS" nBu  iPr §4^ tBu .pu5 63l-n
34v<=5]chf4Òx¢ q&>P:DEe×uvf1Z
 66l-n exYx 71%f73%f75%GD(wx5(entries 2-4)yÑ5fea1 63o
ÝÞä1 63p .pu5¢ qfE 66o,p eGD 58%f62%k





Table 3: Formation of Bicyclo[7.4.0]tridecatrienes 66k-p from Allenylcyclopentane-alkynes 63k-p 
 
 
 Csp3-H  !"#$%&'[2.4]	
 
 Q}5*%fä1MQ-1: 63a  RhCl(dppp)2 ëì3f
N1b£Kg]f&'[2.4]r_Q 67a e 81%GD(wxc]e5
(Table 4, entry 1)y&' 67a k^fMQ`1 Csp3-H  !"
#X




? 63e euf78%GD1Z&' 67e e(wx5(entry 2)yÑ5f·;
`äNeå91`eå91 63f,q )4vqú6
DE^×ufxYx 76%f60%GD&' 67f,q eku5(entries 3,4)ywf
·; NTs  63h q 50%GD1Z&' 67h S÷5(entry 5)y 
23 
 
Table 4: Formation of Spiro[2.4]heptane Derivatives 67 from Allenylcyclopentane-alkynes 63a,e,f,q,h 
 
&' 67  X RSTUV4fTí7qu5y7fa
P1 67e9 P1â1ãÓ]?@uvS"b49 P1-. 67r¥-.uf





( Csp3-Csp3!"#)*+ Csp3-H !"#,-. 






 C ]7ya=>KLZ*v 66 ek]-÷wxy
f&'[2.4]r_Q-. 67 k^#3*%Uy7fP
891£ B )4vf`1lm-rm ]lm-a=> eú
*%7Ý]](B’)f`1lm-rm ]lm-a=>  σ 
24 
 
 Qm&6DE 29,30 e×uv£ D ]7fa=>KLZXvü
k5q]-÷wxyÑ5{ª«§fOonishi ] Sato w^st tBu
ä345ú6_`#DE/0uv4ef&'




,Q-1: 25 ]ú6fMQ 1 rm@<h 64 
34vfWilkinson 78]N1b£ 80°C Clu5]chfM`!O-.
68 e(wx5(Scheme 5)yck^P[4.3.0]£ B’’)4v β-rm
28 eõöu5q]Ueó]-÷wxy*vc^fP891£




Q-1: 71 |*% ku5(Scheme 6)y_`111²P1-. 61a




88%GD(5y4v Scheme 6 u5ÈÆvf1Z]ä1M




: 71 34v/#DE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77j: X=NTs, R1=nBu, R2=Me (43%)

























79j: X=NTs, R1=nBu, R2=Me (62%)





















(A) Syntheses of Sulfonylallenes 79a-c,e,g,h,j-l and 80







H2O2, EtOH, 0 °C
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Table 5: [RhCl(CO)2]2-Catalyzed [2+2+2] Cycloaddition of Allene-ene-yne 79a 































aYield of the isolated product. bReaction was performed at 160 °C in a
microwave reactor. c0.025 M solution was used. dReaction was carried
out with 10 mol% of AgBF4.
e5 mol% of [RhCl(CO)dppp]2 was used.















xylene (0.10 M), reflux
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Table 6: [RhCl(CO)2]2-Catalyzed [2+2+2] Cycloaddition of Allene-ene-ynes 79b-l 
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General. Melting points were measured with YANAGIMOTO micro melting point apparatus, and 
were uncorrected. Infrared spectra were measured with a SHIMADZU FTIR-8700 spectrometer for 
samples in CHCl3. 1H NMR spectra were measured with JNM-ECS400 or JNM-ECA600 
spectrometers for samples in chloroform-d (CDCl3), benzene-d6 (C6D6) or dimethylsulfoxide-d6 
(DMSO-d6), using either tetramethylsilane (for compound with a phenyl group), CHCl3 (7.26 ppm), 
C6H6 (7.16 ppm) or DMSO (2.50 ppm) as an internal reference. 13C NMR spectra were measured 
with JNM-ECS400 or JNM-ECA600 spectrometers for samples in CDCl3 (77.0 ppm) as an internal 
reference. 31P NMR spectra were measured with JNM-ECS400 or JNM-ECA600 spectrometers for 
samples in CDCl3, using 85% H3PO4 (0.00 ppm) as an external reference. High-resolution mass 
spectra with JMS-SX102A (FAB) or JMS-T100TD (DART) mass spectrometers, and mass spectra 
with JMS-SX102A (FAB) or JMS-T100TD (DART) mass spectrometers. Single-crystal X-ray 
diffraction was measured with R-AXIS RAPID II. Commercially available anhydrous Et2O, THF, 
CH2Cl2, toluene and xylene were employed for reactions. Et3N, iPr2NH were distilled from CaH2. 
DMSO was distilled from CaSO4. Commercially available [RhCl(CO)2]2 (Kanto Chemical), 
RhCl(PPh3)3 (Tokyo Chemical Industry), [RhCl(cod)]2 (Kanto Chemical) were employed for 
reactions. [RhCl(CO)dppp]21 and RhCl(dppp)22 were prepared according to literature procedures. 
Commercially available hepta-1,6-diyne (Wako Pure Chemical Industries) and hexa-1,5-diyne 
(Wako Pure Chemical Industries) were employed for a reaction. Diynes (dimethyl 
2,2-di(prop-2-ynyl)malonate, 4,4-bis(phenylsulfonyl)hepta-1,6-diyne, 4,4-bis(methoxymethyl)hepta- 
1,6-diyne, 2,2-dimethyl-5,5-di(prop-2-ynyl)-1,3-dioxane, N-di(prop-2-ynyl)-4-methylbenzene- 
sulfonamide, dimethyl 2-(but-2-ynyl)-2-(prop-2-ynyl)malonate, dimethyl 2-(hept-2-ynyl)-2-(prop-2- 
ynyl)malonate, dimethyl 2-[3-(trimethylsilyl)-prop-2-ynyl]-2-(prop-2-ynyl)malonate, dimethyl 2- 
(4-hydroxy-but-2-ynyl)-2-prop-2-ynyl-malonate, 4,4-bis(phenylsulfonyl)-1-butyne, N-2-(but-2- 
ynyl)-N-2-(prop-2-ynyl)-4-methylbenzenesulfonamide, 5-oxo-1,6-octadiyne, dimethyl 2-(but-2- 
ynyl)-2-[4-trimethylsilyl-(but-3-ynyl)]malonate) 3,4,5,6,7,8,9,10,11,12 were known compounds. Ethyl 
cyclopentanecarboxylate13 was a known compound. Commercially available 
cyclopentanecarbaldehyde (60) (Aldrich) was employed for a reaction. Aldehydes 
[1-methylcyclopentanecarbaldehyde (58)14, 1-benzyloxymethylcyclopentanecarbaldehyde (59j)15] 
were known compounds and prepared according to literature procedures. 
1-(1-Cyclohexenyl)-1-methoxycarbonylcyclohexane,16 2,2-dimethylhept-3-en-1-ol17 and methyl 
2,2-dimethyl-3-oxopropanoate18 were known compounds. 2-(Cyclohex-1-enyl)-2-methylpropanal,19 
2-(cyclopent-1-enyl)-2-methylpropanal,19 2-(cyclohept-1-enyl)-2-methylpropanal,19 
2-(cyclohex-1-enyl)propanal,20 2,2-diethylbut-3-enal21 and 2,2-diethylnon-3-enal22 were known 
compounds. Silica gel (Silica gel 60 N, 40-50 µm, Kanto Chemical) was used for chromatography. 




Ethyl 1-Butylcyclopentanecarboxylate (S-1). 
To a solution of LDA (5.9 mL, 8.8 mmol in 1.1 M solution in THF) in THF (8.0 mL) 
was added ethyl cyclopentanecarb oxylate (1.14 g, 8.00 mmol) at -78 °C. After stirring 
for 30 min at the same temperature, the reaction mixture was warmed to 0 °C, and further stirred for 
30 min. The reaction mixture was cooled to -78 °C again, and nBuI (180 mg, 10 mmol) was added at 
the same temperature. After stirring for 1 h at room temperature, the reaction was quenched by 
addition of saturated aqueous NH4Cl, and the mixture was extracted with Et2O. The extract was 
washed with water and brine, dried, and concentrated to dryness. The residue was chromatographed 
with hexane-AcOEt (20:1) to afford S-1 (1.41 g, 89%) as a yellow oil: IR 1705 cm-1; 1H NMR (400 
MHz, CDCl3) δ 4.10 (q, 2H, J = 6.9 Hz), 2.12-2.06 (m, 2H), 1.61-1.55 (m, 6H), 1.47-1.40 (m, 2H), 
1.31-1.22 (m, 2H), 1.23 (t, 3H, J = 6.9 Hz), 1.20-1.12 (m, 2H), 0.86 (t, 3H, J = 7.3 Hz); 13C NMR 
(100 MHz, CDCl3) δ 178.0, 60.1, 54.0, 39.0, 36.0, 28.1, 24.9, 23.1, 14.2, 13.9; DART MS m/z 199 
(M++1, 49.1); DART HRMS calcd for C12H23O2 199.1698, found 199.1713. 
 
1-Butylcyclopentanemethanol (S-2). 
To a suspension of LiAlH4 (324 mg, 8.53 mmol) in Et2O (15 mL) was added S-1 (1.41 g, 
7.11 mmol) at 0 °C. After stirring for 2 h, the reaction was quenched by addition of 
water at 0 °C, dried, and passed through a pad of celite. The filtrate was concentrated to dryness, and 
the residue was chromatographed with CH2Cl2-hexane (2:1) to afford S-2 (886 mg, 80%) as a 
colorless oil: IR 3630, 3468 cm-1; 1H NMR (400 MHz, CDCl3) δ 3.38 (s, 2H), 1.63-1.53 (m, 4H), 
1.45-1.18 (m, 11H), 0.90 (t, 3H, J = 7.3 Hz); 13C NMR (100 MHz, CDCl3) δ 68.6, 46.9, 36.9, 34.5, 
27.0, 25.4, 23.6, 14.2; DART MS m/z 157 (M++1, 31.3); DART HRMS calcd for C10H21O 157.1592, 
found 157.1593. 
 
1-Butylcyclopentanecarbaldehyde (59i).  
To a solution of (COCl)2 (0.58 mL, 6.8 mmol) in CH2Cl2 (20 mL) was added DMSO 
(0.97 mL, 14 mmol) at -78 °C. After stirring for 1 h, S-2 (886 mg, 5.67 mmol) was added, 
and the reaction mixture was stirred for 1 h at the same temperature. Then the mixture was added 
Et3N (3.8 mL, 27 mmol), and warmed to room temperature. After stirring for 1 h, the reaction was 
quenched by addition of water, and the mixture was extracted with CH2Cl2. The extract was washed 
with water and brine, dried, and concentrated to dryness. The residue was chromatographed with 
CH2Cl2-hexane (1:5) to afford 59i (714 mg, 82%) as a colorless oil: IR 1697 cm-1; 1H NMR (400 
MHz, CDCl3) δ 9.46 (s, 1H), 1.99-1.93 (m, 2H), 1.67-1.49 (m, 6H), 1.42-1.35 (m, 2H), 1.33-1.24 (m, 
2H), 1.20-1.12 (m, 2H), 0.87 (t, 3H, J = 7.3 Hz); 13C NMR (100 MHz, CDCl3) δ 205.6, 58.1, 35.8, 
32.2, 27.7, 25.2, 23.3, 13.9; DART MS m/z 155 (M++1, 100). DART HRMS calcd for C10H19O 




General Procedure for Preparation of Propargylalcohols 61a-d, g-j and 62. 
To a solution of diyne (1.0 mmol) in THF (10 mL) was added LHMDS (1.2 mL, 1.2 mmol, 1.0 M 
solution in THF) at -78 °C. After stirring for 30 min, aldehyde (1.4 mmol) was added to the mixture, 
and the reaction mixture was further stirred for 5 min at the same temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl, and the mixture was extracted with AcOEt. The 
extract was washed with water and brine, dried, and concentrated to dryness. The residue was 
chromatographed with hexane-AcOEt to afford the corresponding propargylalcohols. Chemical 
yields are summarized in Scheme 1. 
 
Dimethyl 2-[4-Hydroxy-4-(1-methylcyclopentyl)but-2-ynyl]-2-(prop-2-ynyl)malonate (61a). 
Compound 61a was a colorless oil: IR 3607, 3308, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 4.08 (t, 1H, J = 1.8 Hz), 3.75 (s, 6H), 3.02 (d, 2H, J = 1.8 Hz), 
2.96 (d, 2H, J = 2.7 Hz), 2.03 (t, 1H, J = 2.7 Hz), 1.77 (brs, 1H), 1.66-1.56 (m, 
6H), 1.37-1.23 (m, 2H), 1.02 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 169.1, 
84.0, 79.1, 78.3, 71.7, 70.2, 56.5, 53.0, 47.3, 36.04, 36.00, 25.3, 25.2, 22.9, 22.74, 22.69; DART MS 
m/z 321 (M++1, 51.3); DART HRMS calcd for C18H25O5 321.1702, found 321.1706. 
 
1-(1-Methylcyclopentyl)-5,5-bis(phenylsulfonyl)octa-2,7-diyn-1-ol (61b). 
Compound 61b was a colorless oil: IR 3601, 3308, 1337, 1313, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 8.22 (d, 4H, J = 7.3 Hz), 7.74 (t, 2H, J = 7.3 Hz), 
7.61 (t, 4H, J = 7.3 Hz), 4.11 (s, 1H), 3.28 (s, 2H), 3.24-3.23 (m, 2H), 2.22 (t, 
1H, J = 2.3 Hz), 1.71-1.64 (m, 7H), 1.40-1.35 (m, 2H), 1.09 (s, 3H); 13C NMR 
(151 MHz, CDCl3) δ 135.94, 135.91, 135.0, 131.6, 128.7, 87.3, 86.6, 75.5, 74.4, 70.4, 47.5, 36.05, 
36.03, 25.34, 25.29, 22.9, 20.9, 20.7; FAB MS m/z 507 (M++23, 7.3); FAB HRMS calcd for 
C26H28NaO5S2 507.1270, found 507.1263. 
 
5,5-Bis(methoxymethyl)-1-(1-methylcyclopentyl)octa-2,7-diyn-1-ol (61c). 
Compound 61c was a colorless oil: IR 3609, 3448, 3308 cm-1; 1H NMR (600 
MHz, CDCl3) δ 4.14 (brs, 1H), 3.34 (s, 4H), 3.33 (s, 6H), 2.37 (d, 2H, J = 2.1 
Hz), 2.32 (d, 2H, J = 2.7 Hz), 1.98 (t, 1H, J = 2.7 Hz), 1.75-1.74 (m, 1H), 
1.70-1.61 (m, 6H), 1.38-1.31 (m, 2H), 1.07 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 82.6, 81.6, 80.7, 73.6, 70.5, 70.4, 59.4, 47.5, 41.9, 36.19, 36.17, 25.4, 25.3, 23.0, 22.1, 









Compound 61d was a colorless oil: IR 3609, 3468, 3308 cm-1; 1H NMR (600 
MHz, CDCl3) δ 4.13 (t, 1H, J = 2.1 Hz), 3.78-3.72 (m, 4H), 2.44 (d, 2H, J = 
2.1 Hz), 2.42 (d, 2H, J = 2.7 Hz), 2.04 (t, 1H, J = 2.7 Hz), 1.80 (brs, 1H), 
1.68-1.61 (m, 6H), 1.42 (s, 6H), 1.37-1.31 (m, 2H), 1.06 (s, 3H); 13C NMR 
(151 MHz, CDCl3) δ 98.2, 83.5, 80.6, 79.8, 71.3, 70.4, 66.0, 47.4, 36.3, 36.2, 35.4, 25.34, 25.26, 




Compound 61g was a colorless oil: IR 3609, 3447, 3308 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 4.11 (brs, 1H), 2.35 (td, 2H, J = 7.3, 1.8 Hz), 2.31 (td, 2H, J = 7.3, 2.7 Hz), 
1.96 (t, 1H, J = 2.7 Hz), 1.73 (quin, 2H, J = 7.3 Hz), 1.68-1.60 (m, 6H), 1.39-1.30 (m, 
2H), 1.06 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 84.2, 83.5, 81.1, 70.5, 68.8, 47.4, 
36.2, 36.1, 27.5, 25.4, 25.3, 22.9, 17.7, 17.5; DART MS m/z 205 (M++1, 44.1); DART HRMS calcd 




Compound 61h was a colorless oil: IR 3603, 3308, 1352, 1163 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.72 (d, 2H, J = 8.2 Hz), 7.31 (d, 2H, J = 8.2 Hz), 4.22 (d, 2H, 
J = 2.1 Hz), 4.17-4.11 (m, 2H), 3.96 (brs, 1H), 2.43 (s, 3H), 2.16 (t, 1H, J = 2.4 
Hz), 1.64-1.44 (m, 7H), 1.30-1.19 (m, 2H), 0.94 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 144.0, 135.3, 129.6, 127.9, 86.2, 77.3, 76.2, 74.0, 70.0, 47.2, 36.5, 36.3, 36.00, 35.96, 25.3, 
25.2, 22.7, 21.5; DART MS m/z 360 (M++1, 24.2); DART HRMS calcd for C20H26NO3S 360.1633, 
found 360.1642. 
 
Dimethyl 2-[4-(1-Butylcyclopentyl)-4-hydroxybut-2-ynyl]-2-(prop-2-ynyl)malonate (61i). 
Compound 61i was a colorless oil: IR 3603, 3308, 1738 cm-1; 1H NMR (600 
MHz, CDCl3) δ 4.21 (t, 1H, J = 2.1 Hz), 3.75 (s, 3H), 3.03 (d, 2H, J = 2.1 Hz), 
2.97 (d, 2H, J = 2.4 Hz), 2.02 (t, 1H, J = 2.4 Hz), 1.67-1.55 (m, 7H), 
1.48-1.35 (m, 4H), 1.32-1.18 (m, 4H), 0.91 (t, 3H, J = 7.2 Hz); 13C NMR 
(100 MHz, CDCl3) δ 169.1, 84.1, 79.4, 78.3, 71.7, 68.6, 56.5, 53.1, 49.9, 37.1, 33.7, 33.4, 26.7, 26.4, 
26.2, 23.6 23.0, 22.8, 14.1; DART MS m/z 363 (M++1, 33.1); DART HRMS calcd for C21H31O5 












Compound 61j was a colorless oil: IR 3462, 3308, 1740 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.36-7.28 (m, 5H), 4.59 (d, 1H, J = 11.7 Hz), 4.50 (d, 
1H, J = 11.7 Hz), 4.19-4.17 (m, 1H), 3.81 (d, 1H, J = 8.2 Hz), 3.80 (d, 1H, 
J = 8.2 Hz), 3.75 (s, 3H), 3.73 (s, 3H), 3.29 (d, 1H, J = 8.2 Hz), 3.05 (d, 2H, 
J = 2.1 Hz), 2.97 (d, 2H, J = 2.4 Hz), 2.03 (t, 1H, J = 2.4 Hz), 1.79-1.49 (m, 8H); 13C NMR (151 
MHz, CDCl3) δ 169.2, 137.7, 128.5, 127.8, 127.6, 84.0, 79.0, 78.4, 76.6, 73.6, 71.7, 70.3, 56.5, 53.1, 
53.0, 50.6, 32.6, 32.5, 25.6, 25.2, 23.1, 22.8; DART MS m/z 427 (M++1, 38.6); DART HRMS calcd 
for C25H31O6 427.2121, found 427.2127. 
 
Dimethyl 2-(4-Cyclopentyl-4-hydroxybut-2-ynyl)-2-(prop-2-ynyl)malonate (62). 
Compound 62 was a pale yellow oil: IR 3601, 3308, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 4.19-4.18 (m, 1H), 3.76 (s, 6H), 3.02 (d, 2H, J = 1.4 Hz), 2.96 
(d, 2H, J = 2.3 Hz), 2.12 (sex, 1H, J = 7.8 Hz), 2.03 (t, 1H, J = 2.3 Hz), 
1.76-1.69 (m, 3H), 1.66-1.49 (m, 4H), 1.42-1.32 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ 169.1, 84.3, 79.1, 78.3, 71.7, 66.3, 56.6, 53.1, 46.3, 28.8, 28.2, 25.7, 22.9, 22.7; DART MS 
m/z 307 (M++1, 100); DART HRMS calcd for C17H23O5 307.1546, found 307.1552. 
 
Dimethyl 2-[4-(1-Methylcyclopentyl)but-2-yn-4-onyl]-2-(prop-2-ynyl)malonate (69). 
To a solution of (COCl)2 (30 µL, 0.36 mmol) in CH2Cl2 (4.0 mL) was added 
DMSO (50 µL, 0.72 mmol) at -78 °C. After stirring for 30 min, 61a (49 mg, 
0.15 mmol) was added to the mixture, and the reaction mixture was further 
stirred for 30 min at the same temperature. Then Et3N (0.20 mL, 1.4 mmol) 
was added, and the mixture was warmed to room temperature. After stirring for 1 h, the reaction was 
quenched by addition of water, and the mixture was extracted with CH2Cl2. The extract was washed 
with water and brine, dried, and concentrated to dryness. The residue was chromatographed with 
hexane-AcOEt (10:1) to afford 69 (33 mg, 69%) as a colorless oil: IR 3308, 1742, 1664 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 3.78 (s, 6H), 3.20 (s, 2H), 2.99 (d, 2H, J = 2.7 Hz), 2.17-2.09 (m, 2H), 
2.06 (t, 1H, J = 2.7 Hz), 1.72-1.62 (m, 4H), 1.46-1.37 (m, 2H), 1.21 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 193.0, 168.6, 87.7, 81.4, 77.7, 72.3, 56.2, 56.0, 53.3, 36.6, 25.3, 23.7, 23.2, 23.1; DART 
MS m/z 319 (M++1, 100); DART HRMS calcd for C18H23O5 319.1546, found 319.1552. 
 
Dimethyl 2-{[4-2H]-4-Hydroxy-4-(1-methylcyclopentyl)but-2-ynyl}-2-(prop-2-ynyl)malonate (70). 
To a solution of 69 (116 mg, 0.360 mmol) in MeOH (1.8 mL) was added 
CeCl3·7H2O (200 mg, 0.54 mmol) at -78 °C. After stirring for 10 min, NaBD4 
(18 mg, 0.43 mmol) was added to the mixture, and the reaction mixture was 










addition of acetone, then the solvent was evaporated off. The residue was chromatographed with 
hexane-AcOEt (5:1) to afford 70 (102 mg, 88%) as a colorless oil: IR 3607, 3308, 1738 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 3.76 (s, 6H), 3.03 (s, 2H), 2.97 (d, 2H, J = 2.3 Hz), 2.03 (t, 1H, J = 2.3 
Hz), 1.65-1.57 (m, 6H), 1.38-1.24 (m, 2H), 1.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 169.1, 83.9, 
79.2 78.3, 71.7, 69.9 (t, J = 23.0 Hz), 56.6, 53.1, 47.2, 36.05, 36.01, 25.3, 25.2, 22.9, 22.8, 22.7; 
DART MS m/z 322 (M++1, 39.3); DART HRMS calcd for C18H24DO5 322.1765, found 322.1764. 
 
General Procedure for Preparation of Alkyne-allenylcyclopentanes 63a-d,g-j,64 and 71. 
To a solution of propargylalcohol 61 or 62 (1.0 mmol) and Et3N (0.83 mL, 6.0 mmol) in THF (20 
mL) was gradually added PhSCl (0.33 mL, 3.0 mmol) at -78 °C. After stirring for 1 h at the same 
temperature, the reaction was quenched by addition of saturated aqueous NaHCO3, and the mixture 
was extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt to afford the 
crude sulfoxide. To a solution of the crude sulfoxide in CH2Cl2 (5.0 mL) was added mCPBA (260 mg, 
1.5 mmol) at 0 °C. After stirring for 30 min, the reaction was quenched by addition of saturated 
aqueous Na2S2O3 and NaHCO3, and the mixture was extracted with CH2Cl2. The extract was washed 
with water and brine, dried, and concentrated to dryness. The residue was chromatographed with 
CH2Cl2 to afford the corresponding alkyne-allenylcyclopentanes. Chemical yields are summarized in 




Compound 63a was a colorless oil: IR 3308, 1950, 1738, 1306, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.8 Hz), 7.61 (t, 1H, J = 7.8 Hz), 
7.52 (t, 2H, J = 7.8 Hz), 5.77 (t, 1H, J = 2.7 Hz), 3.71 (s, 3H), 3.69 (s, 3H), 
3.14 (d, 2H, J = 2.7 Hz), 2.89 (d, 2H, J = 2.3 Hz), 1.89 (t, 1H, J = 2.3 Hz), 
1.68-1.64 (m, 4H), 1.55-1.48 (m, 2H), 1.45-1.36 (m, 2H), 1.02 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ 202.5, 169.14, 169.07, 139.9, 133.3, 128.9, 128.4, 112.8, 109.7, 78.2, 71.9, 56.2, 52.9, 44.0, 39.7, 
39.2, 28.5, 25.7, 24.2, 22.5; DART MS m/z 445 (M++1, 100); DART HRMS calcd for C24H29O6S 
445.1685, found 445.1694. 
 
1-(1-Methylcyclopentyl)-3,5,5-tris(phenylsulfonyl)octa-1,2-dien-7-yne (63b). 
Compound 63b was a colorless crystal: m.p. 126-129 °C (CH2Cl2); IR 3308, 
1961, 1335, 1313, 1151 cm-1; 1H NMR (600 MHz, CDCl3) δ 8.08 (d, 2H, J = 
7.6 Hz), 8.02 (d, 2H, J = 7.6 Hz), 7.85 (d, 2H, J = 7.6 Hz), 7.71 (t, 2H, J = 7.6 
Hz), 7.62 (t, 1H, J = 7.6 Hz), 7.57 (t, 4H, J = 7.6 Hz), 7.52 (t, 2H, J = 7.6 Hz), 
5.87 (t, 1H, J = 3.4 Hz), 3.49 (dd, 1H, J = 17.2, 3.4 Hz), 3.44 (dd, 1H, J = 18.2, 2.7 Hz), 3.30 (dd, 1H, 
J = 17.2, 3.4 Hz), 3.22 (dd, 1H, J = 18.2, 2.7 Hz), 1.81 (t, 1H, J = 2.7 Hz), 1.70-1.60 (m, 6H), 
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1.49-1.44 (m, 2H), 1.10 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 203.5, 139.9, 136.3, 134.9, 133.5, 
131.7, 131.5, 129.0, 128.8, 128.6, 128.4, 114.3, 107.5, 88.3, 75.8, 74.4, 44.2, 39.7, 39.3, 26.9, 25.5, 




Compound 63c was a colorless oil: IR 3308, 1948, 1306, 1148 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.90-7.88 (m, 2H), 7.61-7.58 (m, 1H), 7.53-7.50 (m, 2H), 
5.73 (t, 1H, J = 2.7 Hz), 3.34-3.28 (m, 4H), 3.26 (s, 3H), 3.24 (s, 3H), 2.53 (dd, 
1H, J = 15.5, 2.7 Hz), 2.50 (dd, 1H, J = 15.5, 2.7 Hz), 2.33 (dd, 1H, J = 16.8, 
2.7 Hz), 2.29 (dd, 1H, J = 16.8, 2.7 Hz), 1.91 (t, 1H, J = 2.7 Hz), 1.69-1.64 (m, 4H), 1.59-1.50 (m, 
2H), 1.43-1.38 (m, 2H), 1.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 203.7 140.5, 133.1, 128.7, 
128.4, 111.13, 111.12, 80.7, 73.6, 73.5, 70.5, 59.05, 59.01, 44.1, 42.5, 39.7, 39.5, 28.6, 26.0 24.2, 





Compound 63d was a colorless oil: IR 3308, 1948, 1306, 1150 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.6 Hz), 7.62 (t, 1H, J = 7.6 Hz), 7.53 (t, 
2H, J = 7.6 Hz), 5.75 (t, 1H, J = 2.4 Hz), 3.75-3.67 (m, 4H), 2.55 (dd, 1H, J = 
17.2, 2.4 Hz), 2.52 (dd, 1H, J = 15.5, 2.4 Hz), 2.48 (dd, 1H, J = 17.2, 2.4 Hz), 
2.44 (dd, 1H, J = 15.5, 2.4 Hz), 1.91 (t, 1H, J = 2.4 Hz), 1.69-1.62 (m, 4H), 
1.55-1.49 (m, 2H), 1.44-1.40 (m, 2H), 1.39 (s, 3H), 1.38 (s, 3H), 1.03 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 202.9, 139.8, 133.3, 128.8, 128.3, 111.6, 110.2, 98.1, 80.0, 71.2, 66.1, 44.0, 39.5, 39.3, 
36.0, 29.3, 25.9, 25.6, 24.1, 21.9, 21.6; DART MS m/z 429 (M++1, 100); DART HRMS calcd for 
C25H33O4S 429.2100, found 429.2089. 
 
1-(1-Methylcyclopentyl)-3-phenylsulfonylocta-1,2-dien-7-yne (63g). 
Compound 63g was a colorless oil: IR 3308, 1956, 1306, 1148 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.6 Hz), 7.62 (t, 1H, J = 7.6 Hz), 7.53 (t, 
2H, J = 7.6 Hz), 5.77 (t, 1H, J = 2.7 Hz), 2.44-2.41 (m, 2H), 2.21 (td, 2H, J = 6.9, 
2.7 Hz), 1.92 (t, 1H, J = 2.7 Hz), 1.70-1.63 (m, 6H), 1.56-1.50 (m, 2H), 
1.43-1.38 (m, 2H), 1.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 201.3, 140.1, 133.2, 128.8, 128.2, 
114.1, 111.9, 83.1, 69.0, 43.9, 39.61, 39.59, 26.5, 26.4, 26.0, 24.2, 17.7; DART MS m/z 329 (M++1, 












Compound 63h was a colorless crystal: m.p. 79-80 °C (benzene-hexane); IR 
3306, 1954, 1354, 1308, 1163, 1153 cm-1; 1H NMR (400 MHz, CDCl3) δ 
7.94-7.92 (m, 2H), 7.67-7.62 (m, 3H), 7.57-7.53 (m, 2H), 7.29-7.26 (m, 2H), 5.89 
(t, 1H, J = 2.3 Hz), 4.23 (dd, 1H, J = 15.1, 2.3 Hz), 4.13 (dd, 1H, J = 15.1, 2.3 
Hz), 3.95 (dd, 1H, J = 18.8, 2.3 Hz), 3.88 (dd, 1H, J = 18.8, 2.3 Hz), 2.42 (s, 3H), 1.94 (t, 1H, J = 2.3 
Hz), 1.69-1.66 (m, 4H), 1.61-1.53 (m, 2H), 1.48-1.41 (m, 2H), 1.07 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 203.7, 143.8, 140.3, 135.7, 133.6, 129.5, 129.0, 128.2, 127.6, 112.8, 110.1, 75.8, 74.3, 44.1, 
44.0, 39.7, 39.5, 36.1, 26.1, 24.19, 24.17, 21.5; DART MS m/z 484 (M++1, 100); DART HRMS 
calcd for C26H30NO4S2 484.1616, found 484.1618. 
 
Dimethyl 2-[4-(1-Butylcyclopentyl)-2-phenylsulfonylbuta-2,3-dienyl]-2-(prop-2-ynyl)malonate (63i). 
Compound 63i was a colorless oil: IR 3308, 1948, 1736, 1306, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.90-7.87 (m, 2H), 7.63-7.59 (m, 1H), 7.55-7.51 
(m, 2H), 5.79 (t, 1H, J = 2.3 Hz), 3.72 (s, 3H), 3,70 (s, 3H), 3.15-3.06 (m, 
2H), 2.91 (d, 1H, J = 2.3 Hz), 1.90 (t, 1H, J = 2.3 Hz), 1.70-1.57 (m, 4H), 
1.55-1.41 (m, 4H), 1.40-1.19 (m, 6H), 0.89 (t, 3H, J = 6.9 Hz); 13C NMR (100 MHz, CDCl3) δ 203.4, 
169.3, 169.2, 140.2, 133.3, 129.0, 128.3, 111.5, 109.4, 78.4, 71.8, 56.4, 52.99, 52.96, 48.3, 40.4, 37.5, 
37.4, 28.8, 27.6, 24.4, 24.3, 23.3, 22.6, 14.0; DART MS m/z 487 (M++1, 100); DART HRMS calcd 




Compound 63j was a colorless oil: IR 3308, 1952, 1736, 1306, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.88 (d, 2H, J = 7.3 Hz), 7.59 (t, 1H, J = 7.3 Hz), 
7.49 (t, 2H, J = 7.3 Hz), 7.38-7.29 (m, 5H), 6.00 (t, 1H, J = 2.7 Hz), 4.51, 
4.48 (ABq, 2H, JAB = 12.4 Hz), 3.69 (s, 3H), 3.66 (s, 3H), 3.26 (d, 1H, J = 
8.7 Hz), 3.21 (d, 1H, J = 8.7 Hz), 3.17-3.08 (m, 2H), 2.92 (dd, 1H, J = 17.4, 
2.3 Hz), 2.87 (dd, 1H, J = 17.4, 2.3 Hz), 1.86 (t, 1H, J = 2.3 Hz), 1.67-1.49 (m, 8H); 13C NMR (100 
MHz, CDCl3) δ 202.8, 169.3, 169.2, 140.0, 138.4, 133.3, 128.9, 128.4, 128.3, 127.5, 109.90, 109.86, 
78.4, 76.1, 73.2, 71.8, 56.3, 53.00, 52.97, 48.8, 35.3, 34.4, 28.6, 24.9, 24.8, 22.5; DART MS m/z 551 
(M++1, 100); DART HRMS calcd for C31H35O7S 551.2104, found 551.2113. 
 
Dimethyl 2-(4-Cyclopentyl-2-phenylsulfonylbuta-2,3-dienyl)-2-(prop-2-ynyl)malonate (64). 
Compound 64 was a colorless oil: IR 3308, 1954, 1738, 1306, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.88 (d, 2H, J = 7.3 Hz), 7.61 (t, 1H, J = 7.3 Hz), 
7.52 (t, 2H, J = 7.3 Hz), 5.76 (dt, 1H, J = 7.3, 2.7 Hz), 3.70 (s, 3H), 3.69 (s, 
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3H), 3.12 (d, 2H, J = 2.7 Hz), 2.86 (d, 2H, J = 2.7 Hz), 2.46 (sex, 1H, J = 7.3 Hz), 1.88 (t, 1H, J = 
2.7 Hz), 1.85-1.70 (m, 2H), 1.69-1.51 (m, 4H), 1.31-1.23 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 
203.3, 169.2, 140.0, 133.3, 129.0, 128.4, 108.9, 107.4, 78.2, 71.8, 56.2, 53.0, 39.1, 32.5, 32.1, 29.7, 





Compound 71 was a colorless oil: IR 3308, 1944, 1738, 1304, 1151 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.90-7.88 (m, 2H), 7.62-7.59 (m, 1H), 7.54-7.51 
(m, 2H), 3.71 (s, 3H), 3.69 (s, 3H), 3.14 (s, 2H), 2.89 (d, 2H, J = 2.7 Hz), 
1.89 (t, 1H, J = 2.7 Hz), 1.68-1.63 (m, 4H), 1.54-1.49 (m, 2H), 1.44-1.37 (m, 
2H), 1.02 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 202.6, 169.24, 169.16, 140.0, 133.3, 128.9, 128.5, 
112.6 (t, J = 26.0 Hz), 109.9, 78.3, 71.9, 56.3, 53.0, 44.0, 39.8, 39.3, 28.6, 25.8, 24.3, 22.6; DART 
MS m/z 446 (M++1, 100); DART HRMS calcd for C24H28DO6S 446.1748, found 446.1744. 
 
5,5-Bis(hydroxymethyl)-1-(1-methylcyclopentyl)-3-phenylsulfonylocta-1,2-dien-7-yne (63e). 
To a solution of 63d (240 mg, 0.55 mmol) in MeOH (11 mL) was added conc. 
HCl (0.34 mL) at room temperature. After stirring for 1 h, the reaction was 
quenched with NaOAc (690 mg, 8.4 mmol), then the solvent was evaporated 
off. The residue was chromatographed with hexane-AcOEt (2:1) to afford 63e 
(211 mg, 99%) as a colorless oil: IR 3495, 3308, 1948, 1304, 1144 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 7.87-7.85 (m, 2H), 7.64-7.60 (m, 1H), 7.55-7.51 (m, 2H), 5.75 (t, 1H, J = 1.8 Hz), 3.67 (d, 
1H, J = 11.4 Hz), 3.65 (d, 1H, J = 11.4 Hz), 3.62 (d, 1H, J = 11.4 Hz), 3.57 (d, 1H, J = 11.4 Hz), 3.31 
(brs, 2H), 2.49 (d, 2H, J = 1.8 Hz), 2.14 (d, 2H, J = 2.7 Hz), 1.94 (t, 1H, J = 2.7 Hz), 1.66-1.56 (m, 
4H), 1.51-1.42 (m, 2H), 1.40-1.32 (m, 2H), 0.98 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 204.4, 139.3, 
133.6, 129.0, 128.2, 111.5, 110.2, 79.9, 71.3, 65.9, 65.4, 44.1, 43.9, 39.5, 39.4, 27.5, 26.0, 24.17, 




To a solution of 63e (117 mg, 0.301 mmol) in CH2Cl2 (7.2 mL) 
were added 4-nitrobenzoic acid (150 mg, 0.90 mmol), EDC·HCl 
(230 mg, 1.2 mmol) and DMAP (85 mg, 0.69 mmol) at room 
temperature. After stirring for 2 h, the solvent was evaporated off, 
and the residue was diluted with water and extracted with AcOEt. 
The extract was washed with water and brine, dried, and 









(189 mg, 91%) as a colorless amorphous: IR 3308, 1944, 1730, 1531, 1348, 1300, 1150 cm-1; 1H 
NMR δ (400 MHz, CDCl3) 8.30-8.27 (m, 4H), 8.21-8.18 (m, 4H), 7.87-7.85 (m, 2H), 7.63-7.58 (m, 
1H), 7.52-7.48 (m, 2H), 5.74 (t, 1H, J = 2.7 Hz), 4.53-4.48 (m, 4H), 2.90-2.81 (m, 2H), 2.61 (d, 2H, 
J = 2.7 Hz), 2.05 (t, 1H, J = 2.7 Hz), 1.62-1.52 (m, 4H), 1.41-1.25 (m, 4H), 0.91 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 203.0, 164.14, 164.12, 150.6, 139.3, 134.9, 133.6, 130.8, 128.9, 128.5, 123.6, 
112.4, 110.0, 78.3, 72.5, 66.2, 66.1, 44.0, 41.5, 39.5, 39.4, 28.7, 25.8, 24.3, 24.2, 22.9; DART MS 




To a solution of 61a (100 mg, 0.33 mmol) and Et3N (70 µL, 0.50 mmol) in 
THF (6.6 mL) was gradually added diethylchlorophosphite (70 µL, 0.50 
mmol) at -78 °C. After stirring for 1 h, the reaction mixture was refluxed, and 
further stirred for 1 h. Then the reaction was quenched by addition of 
saturated aqueous NaHCO3, and the mixture was extracted with AcOEt. The extract was washed with 
water and brine, dried, and concentrated to dryness. The residue was chromatographed with 
hexane-AcOEt (1:1) to afford 63k (60 mg, 41%) as a colorless oil: IR 3310, 1946, 1736 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 5.42 (dt, 1H, J = 13.1, 2.7 Hz), 4.13-4.01 (m, 4H), 3.730 (s, 3H), 3.725 (s, 
3H), 3.03-2.93 (m, 4H), 2.00 (t, 1H, J = 2.7 Hz), 1.71-1.59 (m, 6H), 1.50-1.43 (m, 2H), 1.33 (t, 3H, J 
= 7.2 Hz), 1.32 (t, 3H, J = 7.2 Hz), 1.12 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 207.8 (d, J = 4.3 Hz), 
169.7, 169.6, 104.9 (d, J = 17.3 Hz), 90.6 (d, J = 192.2 Hz), 79.0, 71.5, 62.3 (d, J = 5.8 Hz), 62.2 (d, 
J = 5.8 Hz), 56.8 (d, J = 5.8 Hz), 52.84, 52.81, 43.3 (d, J = 4.3 Hz), 40.2 (d, J = 4.3 Hz), 39.4 (d, J = 
2.9 Hz), 29.7, 29.6, 26.3 (d, J = 2.9 Hz), 24.2 (d, J = 7.2 Hz), 22.5, 16.32 (d, J = 5.8 Hz), 16.28 (d, J 
= 5.8 Hz); 31P NMR (243 MHz, CDCl3) δ 17.8; DART MS m/z 441 (M++1, 100); DART HRMS 
calcd for C22H34O7P 441.2042, found 441.2022. 
 
General Procedure for Preparation of Alkyne-allenylcyclopentanes 63l-p. 
To a solution of 61a (320 mg, 1.0 mmol) and Et3N (2.8 mL, 20 mmol) in CH2Cl2 (10 mL) was 
gradually added MsCl (0.77 mL, 10 mmol) at 0 °C. After stirring for 1 h at the same temperature, the 
reaction was quenched by addition of saturated aqueous NaHCO3, and the mixture was extracted 
with CH2Cl2. The extract was washed with water and brine, dried, and concentrated to dryness to 
afford crude mesylate. To a solution of CuCN (360 mg, 4.0 mmol) and LiCl (340 mg, 8.0 mmol) in 
THF (10 mL) was gradually added alkyl Li reagent (4.0 mmol) or Grignard reagent (4.0 mmol) at 
-78 °C. Then the reaction mixture was warmed to room temperature, and the solids were dissolved at 
this temperature. The mixture was cooled to -78 °C again, and a solution of crude mesylate in THF 
(10 mL) was gradually added to the reaction mixture. After stirring for 1 h at the same temperature, 
the reaction was quenched by addition of saturated aqueous NH4Cl, and the mixture was passed 
through a pad of celite. Then filtrate was extracted with AcOEt. The extract was washed with water 
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and brine, dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt 
to afford the corresponding alkyne-allenylcyclopentanes. Chemical yields are summarized in Scheme 1. 
 
Dimethyl 2-[2-Butyl-4-(1-methylcyclopentyl)buta-2,3-dienyl]-2-(prop-2-ynyl)malonate (63l). 
Compound 63l was a pale yellow oil: IR 3310, 1956, 1736 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 5.09-5.07 (m, 1H), 3.724 (s, 3H), 3.715 (s, 3H), 2.98 (dd, 
1H, J = 17.2, 2.7 Hz), 2.91 (dd, 1H, J = 17.2, 2.7 Hz), 2.86 (dd, 1H, J = 14.8, 
2.4 Hz), 2.68 (dd, 1H, J = 14.8, 2.4 Hz), 2.00 (t, 1H, J = 2.4 Hz), 1.92-1.89 
(m, 2H), 1.65-1.62 (m, 4H), 1.59-1.53 (m, 2H), 1.40-1.34 (m, 4H), 1.33-1.25 (m, 2H), 1.05 (s, 3H), 
0.88 (t, 3H, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3) δ 199.4, 170.32, 170.29, 103.6, 100.2, 79.4, 
71.4, 56.8, 52.68, 52.66, 43.3, 40.0, 39.5, 34.3, 33.9, 30.0, 26.8, 24.4, 24.3, 22.5, 22.4, 14.0; DART 




Compound 63m was a pale yellow oil: IR 3308, 1954, 1736 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 5.16 (dt, 1H, J = 2.7, 2.4 Hz), 3.713 (s, 3H), 3.709 (s, 
3H), 2.99 (dd, 1H, J = 17.2, 2.7 Hz), 2.89 (dd, 1H, J = 17.2, 2.7 Hz), 2.87 (dd, 
1H, J = 15.5, 2.7 Hz), 2.72 (dd, 1H, J = 15.5, 2.7 Hz), 2.04-2.00 (m, 1H), 
2.00 (t, 1H, J = 2.7 Hz), 1.66-1.62 (m, 4H), 1.59-1.52 (m, 2H), 1.41-1.34 (m, 2H), 1.04 (s, 3H), 1.03 
(d, 3H, J = 6.5 Hz), 0.96 (d, 3H, J = 6.5 Hz); 13C NMR (151 MHz, CDCl3) δ 197.7, 170.30, 170.28, 
106.7, 105.3, 79.4, 71.4, 56.9, 52.7, 43.2, 40.0, 39.5, 32.7, 32.2, 26.7, 24.44, 24.38, 22.5, 22.3, 21.4; 




Compound 63n was a pale yellow oil: IR 3308, 1952, 1736 cm-1; 1H NMR (600 MHz, CDCl3) δ 5.14 
(t, 1H, J = 3.4 Hz), 3.72 (s, 3H), 3.69 (s, 3H), 3.09 (dd, 1H, J = 17.2, 2.7 Hz), 
3.00 (dd, 1H, J = 17.2, 2.7 Hz), 2.84 (dd, 1H, J = 16.2, 3.4 Hz), 2.78 (dd, 1H, 
J = 16.2, 3.4 Hz), 1.99 (t, 1H, J = 2.7 Hz), 1.67-1.62 (m, 4H), 1.60-1.52 (m, 
2H), 1.45-1.36 (m, 2H), 1.05 (s, 9H), 1.02 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 195.7, 170.4, 170.1, 109.2, 106.2, 79.7, 71.1, 56.4, 52.8, 52.6, 43.2, 40.1, 39.3, 34.3, 29.2, 
28.7, 26.0, 24.54, 24.50, 22.4; DART MS m/z 361 (M++1, 100); DART HRMS calcd for C22H33O4 







Dimethyl 2-[2-Benzyl-4-(1-methylcyclopentyl)buta-2,3-dienyl]-2-(prop-2-ynyl)malonate (63o). 
Compound 63o was a pale yellow oil: IR 3308, 1958, 1736 cm-1; 1H NMR (600 MHz, CDCl3) δ 
7.27-7.25 (m, 2H), 7.19-7.17 (m, 3H), 5.04 (tt, 1H, J = 2.7, 2.4 Hz), 3.71 (s, 
3H), 3.70 (s, 3H), 3.29 (dd, 1H, J = 15.1, 2.7 Hz), 3.23 (dd, 1H, J = 15.1, 2.7 
Hz), 3.02 (dd, 1H, J = 17.2, 2.7 Hz), 2.96 (dd, 1H, J = 17.2, 2.7 Hz), 2.85 (dd, 
1H, J = 15.5, 2.4 Hz), 2.71 (dd, 1H, J = 15.5, 2.4 Hz), 1.99 (t, 1H, J = 2.7 Hz), 
1.60-1.50 (m, 4H), 1.47-1.41 (m, 2H), 1.33-1.24 (m, 2H), 0.95 (s, 3H); 13C NMR (151 MHz, CDCl3) 
δ 200.6, 170.21, 170.17, 139.2, 129.2, 128.1, 126.1, 103.9, 99.9, 79.3, 71.5, 56.8, 52.7, 43.2, 41.4, 
39.8, 39.3, 33.5, 26.5, 24.3, 22.6; DART MS m/z 395 (M++1,100); DART HRMS calcd for C25H31O4 
395.2222, found 395.2229. 
 
Dimethyl 2-[4-(1-Methylcyclopentyl)-2-phenylbuta-2,3-dienyl]-2-(prop-2-ynyl)malonate (63p). 
Compound 63p was a pale yellow oil: IR 3308, 1944, 1736 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.39-7.38 (m, 2H), 7.29-7.26 (m, 2H), 7.19-7.16 (m, 
1H), 5.46 (t, 1H, J = 2.1 Hz), 3.61 (s, 3H), 3.49 (s, 3H), 3.34 (dd, 1H, J = 
14.8, 2.1 Hz), 3.23 (dd, 1H, J = 14.8, 2.1 Hz), 2.98 (dd, 1H, J = 16.8, 2.7 Hz), 
2.86 (dd, 1H, J = 16.8, 2.7 Hz), 2.00 (t, 1H, J = 2.7 Hz), 1.68-1.60 (m, 6H), 1.47-1.41 (m, 2H), 1.14 
(s, 3H); 13C NMR (151 MHz, CDCl3) δ 203.2, 170.1, 170.0, 137.0, 128.2, 126.6, 126.3, 104.7, 102.0, 
79.3, 71.5, 57.0, 52.6, 52.5, 43.9, 40.0, 39.6, 32.1, 26.8, 24.3, 22.6; DART MS m/z 381 (M++1, 100); 




To a solution of 63e (77 mg, 0.20 mmol) in CH2Cl2 (5.0 mL) were 
added 4-chlorobenzoyl chloride (0.16 mL, 1.2 mmol) and DMAP 
(110 mg, 0.87 mmol) at room temperature. After stirring for 21 h, 
the reaction was quenched by addition of saturated aqueous NaHCO3, 
and extracted with CH2Cl2. The extract was washed with water and 
brine, dried, and concentrated to dryness. The residue was 
chromatographed  with hexane-AcOEt (10:1) to afford 63q (67 mg, 50%) as a colorless oil: IR 3308, 
1948, 1720, 1306, 1150, 1094 cm-1; 1H NMR (600 MHz, CDCl3) δ 7.93-7.91 (m, 4H), 7.86-7.85 (m, 
2H), 7.59-7.55 (m, 1H), 7.49-7.46 (m, 2H), 7.41-7.39 (m, 4H), 5.77 (t, 1H, J = 2.4 Hz), 4.44- 4.40 (m, 
4H), 2.83-2.77 (m, 2H), 2.60-2.55 (m, 2H), 2.01 (t, 1H, J = 2.7 Hz), 1.62-1.56 (m, 4H), 1.44-1.39 (m, 
2H), 1.35-1.30 (m, 2H), 0.94 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 202.9, 165.1, 139.7, 139.6, 
133.5, 131.0, 128.9, 128.84, 128.78, 128.7, 128.5, 128.1, 112.4, 110.1, 78.6, 72.2, 65.85, 65.75, 44.0, 
41.4, 39.5, 39.4, 28.8, 25.8, 24.3, 24.2, 22.8; DART MS m/z 665 (M++1, 100); DART HRMS calcd 




General Procedure for Rh(I)-Catalyzed [7+2] Cycloaddition. 
To a solution of the alkyne-allenylcyclopentane 63 (0.025-0.10 mmol) in solvent (1.0 mL) was added 
Rh(I) catalyst under N2 atmosphere. Then the reaction mixture was stirred at each temperature until 
complete disappearance of the starting material monitored by TLC. The solvent was evaporated off, 
and the residue was chromatographed with toluene-AcOEt to afford the cyclized product 66. 




Compound 66a was a pale yellow oil: IR 1734, 1304, 1146 cm-1; 1H NMR 
(100 MHz, DMSO-d6, 150 °C) δ 7.75-7.73 (m, 2H), 7.63-7.60 (m, 1H), 
7.57-7.54 (m, 2H), 5.89 (t, 1H, J = 9.3 Hz), 5.80 (s, 1H), 3.65 (s, 6H), 3.11 (s, 
2H), 2.74 (s, 2H), 2.34-2.30 (m, 2H), 1.64 (s, 3H), 1.58-1.57 (m, 2H), 
1.45-1.41 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 170.6, 145.4, 142.6, 142.5, 141.2, 134.9, 132.5, 
128.9, 128.4, 127.2, 118.9, 53.7, 52.9, 40.3, 33.5, 32.0, 28.3, 24.6, 24.3, 21.1; DART MS m/z 445 
(M++1, 100); DART HRMS calcd for C24H29O6S 445.1685, found 445.1682. 
 
(2Z,8Z)-3-Methyl-11,11,13-tris(phenylsulfonyl)bicyclo[7.4.0]trideca-1(13),2,8-triene (66b). 
Compound 66b was a colorless crystal: m.p. 198-199 °C (CH2Cl2); IR 1333, 
1312, 1150 cm-1; 1H NMR (100 MHz, CDCl3, 55 °C) δ 8.06 (d, 4H, J = 7.6 Hz), 
7.84 (d, 2H, J = 7.6 Hz), 7.70 (t, 2H, J = 7.6 Hz), 7.58 (t, 4H, J = 7.6 Hz), 7.51 
(t, 1H, J = 7.6 Hz), 7.45 (t, 2H, J = 7.6 Hz), 5.86 (s, 1H), 5.70 (t, 1H, J = 9.6 
Hz), 3.60 (s, 2H), 3.08 (s, 2H), 2.29 (brs, 2H), 1.64 (s, 3H), 1.58-1.48 (m, 6H); 13C NMR (151 MHz, 
CDCl3) δ 145.7, 144.0, 142.3, 141.9, 136.1, 134.8, 132.8, 132.2, 131.4, 128.8, 128.4, 127.4, 126.2, 
118.9, 86.3, 35.5, 30.8, 28.7, 25.9, 24.9, 24.5, 21.5; DART MS m/z 609 (M++1, 5.2); DART HRMS 




Compound 66c was a yellow oil: IR 1302, 1144 cm-1; 1H NMR (600 MHz, 
CDCl3, 55 °C) δ 7.79-7.77 (m, 2H), 7.51-7.48 (m, 1H), 7.46-7.43 (m, 2H), 6.07 
(s, 1H), 5.76 (t, 1H, J = 9.3 Hz), 3.29 (s, 6H), 3.21 (s, 4H), 2.62 (d, 2H, J = 2.1 
Hz), 2.36 (brs, 2H), 2.19 (s, 2H), 1.71 (s, 3H), 1.70 (brs, 2H), 1.53-1.52 (m, 4H); 
13C NMR (151 MHz, CDCl3) δ 144.2, 143.3, 142.7, 139.0, 135.6, 132.3, 130.7, 128.3, 127.1, 120.3, 
75.5, 59.3, 39.7, 39.0, 32.4, 31.2, 27.1, 24.74, 24.66, 21.8; DART MS m/z 417 (M++1, 34.6); DART 









(2’Z,8’Z)- 2,2,3’-Trimethyl -13’-phenylsulfonylspiro[1,3-dioxane-5,11’- 
bicyclo[7.4.0]trideca-1’(13’),2’,8’-triene] (66d). 
Compound 66d was a colorless amorphous: IR 1304, 1144 cm-1; 1H NMR (600 
MHz, CDCl3, 55 °C) δ 7.77-7.76 (m, 2H), 7.52-7.49 (m, 1H), 7.47-7.44 (m, 2H), 
6.04 (s, 1H), 5.86 (t, 1H, J = 9.3 Hz), 3.60 (d, 2H, J = 11.7 Hz), 3.54 (d, 2H, J = 
11.7 Hz), 2.61 (d, 2H, J = 2.1 Hz), 2.38 (brs, 2H), 2.26 (s, 2H), 1.71 (d, 3H, J = 
1.4 Hz), 1.67 (brs, 2H), 1.56-1.47 (m, 4H), 1.44 (s, 3H), 1.41 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 
144.5, 143.7, 142.5, 140.2, 135.0, 132.5, 130.0, 128.5, 127.1, 120.0, 98.3, 67.9, 40.7, 34.0, 32.8, 31.4, 
27.1, 24.8, 24.7, 24.5, 22.8, 21.7; DART MS m/z 429 (M++1, 100); DART HRMS calcd for 




Compound 66e was a pale yellow crystal: m.p. 175-176 °C (CH2Cl2); IR 3502, 
1300, 1144 cm-1; 1H NMR (600 MHz, CDCl3, 55 °C) δ 7.80 (d, 2H, J = 7.6 
Hz), 7.53 (t, 1H, J = 7.6 Hz), 7.47 (t, 2H, J = 7.6 Hz), 6.26 (s, 1H), 5.79 (t, 1H, 
J = 9.3 Hz), 3.60 (brs, 4H), 2.53 (s, 2H), 2.35 (brs, 2H), 2.15 (s, 2H), 2.01 (brs, 
2H), 1.80 (brs, 2H), 1.75 (s, 3H), 1.54 (brs, 4H); 13C NMR (100 MHz, CDCl3) δ 145.1, 144.6, 142.2, 
139.1, 134.4, 132.6, 130.5, 128.6, 127.1, 120.0, 68.5, 39.8, 39.3, 31.8, 31.0, 26.6, 25.1, 24.8, 22.0; 




Compound 66f was a pale yellow plate: m.p. 193-194 °C 
(benzene-hexane); IR 1728, 1531, 1350, 1300, 1144 cm-1; 1H NMR 
(600 MHz, C6D6, 75 °C) δ 7.83-7.79 (m, 6H), 7.74-7.72 (m, 4H), 
6.97-6.96 (m, 3H), 6.36 (s, 1H), 5.56 (t, 1H, J = 9.3 Hz), 4.28 (d, 2H, 
J = 11.3 Hz), 4.20 (d, 2H, J = 11.3 Hz), 2.92 (s, 2H), 2.20 (brs, 2H), 
2.11 (s, 2H), 1.73 (brs, 2H), 1.57 (s, 3H), 1.40-1.34 (m, 4H); 13C 
NMR (151 MHz, CDCl3, 60 °C) δ 164.4, 151.0, 145.0, 144.5, 142.5, 140.9, 135.1, 134.4, 132.8, 
130.8, 129.3, 128.7, 127.3, 123.7, 120.0, 67.6, 40.3, 38.4, 32.5, 31.4, 26.6, 25.0, 24.8, 22.0; DART 
MS m/z 687 (M++1, 11.3); DART HRMS calcd for C36H35N2O10S 687.2012, found 687.2014. 
 
(2Z,8Z)-3-Methyl-13-phenylsulfonylbicyclo[7.4.0]trideca-1(13),2,8-triene (66g). 
Compound 66g was a pale yellow oil: IR 1298, 1142 cm-1; 1H NMR (100 MHz, 
CDCl3, 55 °C) δ 7.78-7.76 (m, 2H), 7.51-7.48 (m, 1H), 7.45-7.42 (m, 2H), 6.05 (s, 
1H), 5.74 (t, 1H, J = 9.5 Hz), 2.73 (td, 2H, J = 6.3, 2.0 Hz), 2.36 (brs, 2H), 















(brs, 4H); 13C NMR (151 MHz, CDCl3) δ 144.5 143.5 142.8 137.2 137.1, 133.5, 132.3, 128.4, 127.1, 
120.8, 35.3, 31.1, 28.0, 26.8, 24.9, 24.7, 23.5, 21.7; DART MS m/z 329 (M++1, 100); DART HRMS 




Compound 66h was a colorless amorphous: IR 1350, 1306, 1161, 1146 cm-1; 1H 
NMR (600 MHz, C6D6, 75 °C) δ 7.74 (d, 2H, J = 7.6 Hz), 7.66 (d, 2H, J = 8.2 Hz), 
6.95 (t, 1H, J = 7.6 Hz), 6.91 (t, 1H, J = 7.6 Hz), 6.78 (d, 2H, J = 8.2 Hz), 6.12 (s, 
1H), 5.44 (t, 1H, J = 9.6 Hz), 4.56 (s, 2H), 3.61 (s, 2H), 2.12-1.98 (m, 2H), 1.93 (s, 
3H), 1.48 (s, 3H), 1.37-1.31 (m, 2H), 1.21-1.16 (m, 4H); 13C NMR (151 MHz, CDCl3) δ 144.8, 143.9, 
143.8, 141.6, 140.8, 133.8, 133.0, 132.4, 129.7, 128.6, 127.8, 127.4, 127.0, 118.7, 52.3, 46.7, 31.1, 
26.2, 24.3, 24.2, 21.5, 21.4; DART MS m/z 484 (M++1, 100); DART HRMS calcd for C26H30NO4S2 




Compound 66i was a yellow oil: IR 1734, 1304, 1146 cm-1; 1H NMR (600 
MHz, DMSO-d6, 150 °C) δ 7.78-7.77 (m, 2H), 7.66-7.63 (m, 1H), 7.59-7.56 
(m, 2H), 5.92 (t, 1H, J = 9.3 Hz), 5.86 (s, 1H), 3.67 (s, 6H), 3.11 (s, 2H), 2.77 
(s, 2H), 2.36-2.34 (m, 2H), 1.97 (t, 2H, J = 7.2 Hz), 1.74-1.72 (m, 2H), 
1.48-1.47 (m, 4H), 1.41-1.31 (m, 4H), 0.91 (t, 3H, J = 7.2 Hz); 13C NMR (151 MHz, CDCl3) δ 170.6, 
146.2, 146.1, 142.7, 140.5, 134.5, 132.5, 129.5, 128.6, 127.1, 117.7, 53.9, 52.9, 40.3, 38.2, 33.7, 31.4, 
29.4, 28.3, 24.5, 22.9, 21.1, 14.0; DART MS m/z 487 (M++1, 100); DART HRMS calcd for 




Compound 66j was a yellow oil: IR 1734, 1304, 1148 cm-1; 1H NMR (400 
MHz, C6D6, 75 °C) δ 8.00-7.98 (m, 2H), 7.37 (d, 2H, J = 7.3 Hz), 7.21 (t, 
2H, J = 7.3 Hz), 7.12 (t, 1H, J = 7.3 Hz), 6.95 (brs, 3H), 6.47 (s, 1H), 5.63 
(t, 1H, J = 9.6 Hz), 4.45 (s, 2H), 3.76 (s. 2H), 3.55 (s, 2H), 3.29 (s, 6H), 
2.79 (s, 2H), 2.25 (brs, 2H), 1.53 (brs, 2H), 1.35-1.26 (m, 4H); 13C NMR (151 MHz, CDCl3) δ 170.4, 
145.2, 142.2, 142.0, 140.3, 138.2, 135.0, 132.6, 129.1, 128.5, 128.3, 127.52, 127.48, 127.2, 119.1, 
73.8, 72.5, 53.7, 52.8, 40.2, 33.6, 28.3, 28.2, 24.5, 20.7; DART MS m/z 551 (M++1, 16.8); DART 










Compound 66k was a yellow oil: IR 1734 cm-1; 1H NMR (600 MHz, CDCl3, 
55 °C) δ 6.29 (s, 1H), 5.71 (td, 1H, J = 9.3, 3.4 Hz), 4.13-3.99 (m, 4H), 3.69 (s, 
6H), 2.89 (d, 2H, J = 5.8 Hz), 2.77 (s, 2H), 2.50-2.22 (m, 4H), 1.86 (s, 3H), 
1.67-1.63 (m, 2H), 1.58 (brs, 2H), 1.30 (t, 6H, J = 7.2 Hz); 13C NMR (100 
MHz, CDCl3) δ 171.1, 147.3 (d, J = 8.6 Hz), 142.4 (d, J = 1.9 Hz), 138.2, 129.8 (d, J = 20.1 Hz), 
122.6 (d, J = 8.6 Hz), 121.7 (d, J = 181.2 Hz), 61.4 (d, J = 5.8 Hz), 54.5(d, J = 11.5 Hz), 52.7, 40.2 
(d, J = 1.9 Hz), 34.1 (d, J = 12.5 Hz), 31.4, 27.1, 25.1, 24.9, 22.1, 16.3 (d, J = 6.7 Hz); 31P NMR (243 




Compound 66l was a pale yellow oil: IR 1734 cm-1; 1H NMR (600 MHz, C6D6, 
75 °C) δ 5.77 (s, 1H), 5.53 (t, 1H, J = 9.3 Hz), 3.41 (s, 6H), 3.01 (s, 2H), 2.82 
(s, 2H), 2.41 (brs, 2H), 2.21-2.15 (m, 2H), 2.13-2.10 (m, 2H), 1.74 (s, 3H), 
1.64-1.62 (m, 2H), 1.54-1.52 (m, 2H), 1.43 (quin, 2H, J = 7.6 Hz), 1.30 (sex, 
2H, J = 7.6 Hz), 0.87 (t, 3H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3) δ 171.7, 139.4, 135.0, 130.9, 
130.7, 129.6, 122.3, 54.6, 52.5, 41.2, 35.8, 33.3, 32.5, 29.7, 29.3, 24.7, 24.3, 22.8, 21.9, 14.0; DART 




Compound 66m was a pale yellow oil: IR 1732 cm-1; 1H NMR (600 MHz, 
C6D6, 75 °C) δ 5.71 (s, 1H), 5.56 (t, 1H, J = 9.3 Hz), 3.41 (s, 6H), 3.07-3.01 (m, 
1H), 3.01 (s, 2H), 2.82 (s, 2H), 2.41 (brs, 2H), 2.15 (brs, 2H), 1.73 (s, 3H), 
1.62-1.60 (m, 2H), 1.54-1.51 (m, 2H), 1.00 (s, 3H), 0.98 (s, 3H); 13C NMR 
(151 MHz, CDCl3, 55 °C) δ 171.8, 139.3, 139.2, 131.2, 130.7, 128.8, 122.4, 54.6, 52.4, 41.4, 32.9, 
30.4, 30.3, 29.7, 24.7, 24.3, 21.8, 20.1; DART MS m/z 347 (M++1, 100); DART HRMS calcd for 




Compound 66n was a pale yellow oil: IR 1732 cm-1; 1H NMR (600 MHz, 
CDCl3, 55 °C) δ 5.69 (s, 1H), 5.52 (t, 1H, J = 9.3 Hz), 3.71 (s, 6H), 2.69 (s, 
2H), 2.66 (s, 2H), 2.32 (brs, 2H), 2.10-2.08 (m, 2H), 1.79 (s, 3H), 1.62-1.58 (m, 
2H), 1.51-1.47 (m, 2H), 1.17 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 171.9, 
140.5, 136.4, 131.8, 131.6, 130.7, 124.5, 54.7, 52.5, 41.5, 37.0, 34.5, 33.5, 30.2, 30.1, 24.6, 24.2, 
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21.6; DART MS m/z 361 (M++1, 100); DART HRMS calcd for C22H33O4 361.2379, found 361.2378. 
 
(2Z,8Z)-13-Benzyl-11,11-bis(methoxycarbonyl)-3-methylbicyclo[7.4.0]trideca-1(13),2,8-triene (66o). 
Compound 66o was a pale yellow oil: IR 1732 cm-1; 1H NMR (600 MHz, 
C6D6, 75 °C) δ 7.21-7.19 (m, 2H), 7.15-7.14 (m, 2H), 7.05-7.02 (m, 1H), 5.80 
(s, 1H), 5.57 (t, 1H, J = 9.3 Hz), 3.47 (s, 2H), 3.34 (s, 6H), 3.00 (s, 2H), 2.80 
(s, 2H), 2.41 (brs, 2H), 2.11 (brs, 2H), 1.68 (s, 3H), 1.64 (brs, 2H), 1.54-1.51 
(m, 2H); 13C NMR (151 MHz, CDCl3) δ 171.6, 140.6, 139.8, 132.8, 131.8, 131.7, 130.7, 128.6, 
128.3, 125.9, 122.2, 54.6, 52.5, 41.2, 39.3, 35.7, 32.7, 29.3, 24.9, 24.4, 21.8; DART MS m/z 395 
(M++1, 100); DART HRMS calcd for C25H31O4 395.2222, found 395.2228. 
 
(2Z,8Z)-11,11-Bis(methoxycarbonyl)-3-methyl-13-phenylbicyclo[7.4.0]trideca-1(13),2,8-triene (66p). 
Compound 66p was a pale yellow oil: IR 1732 cm-1; 1H NMR (600 MHz, C6D6, 
75 °C) δ 7.27-7.26 (m, 2H), 7.15-7.14 (m, 2H), 7.06-7.03 (m, 1H), 5.73 (s, 1H), 
5.56 (t, 1H, J = 9.3 Hz), 3.40 (s, 6H), 3.11 (s, 2H), 3.10 (brs, 2H), 2.38-2.25 (m, 
4H), 1.65-1.61 (m, 2H), 1.55-1.53 (m, 2H), 1.52 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 171.5, 142.4, 139.2, 134.8, 134.0, 130.9, 129.7, 128.8, 127.7, 126.6, 
124.2, 54.8, 52.6, 40.8, 38.4, 30.6, 27.1, 25.0, 24.5, 22.8; DART MS m/z 381 (M++1, 100); DART 
HRMS calcd for C24H29O4 381.2066, found 381.2070. 
 
General Procedure for Construction of Spiro[2.4]heptane Derivatives 67. 
To a solution of the alkyne-allenylcyclopentane (44 mg, 0.10 mmol) in toluene (1.0 mL) was added 
RhCl(dppp)2 (9.6 mg, 1.0×10-2 mmol) under N2 atmosphere. Then the reaction mixture was refluxed 
until complete disappearance of the starting material monitored by TLC. The solvent was evaporated 
off, and the residue was chromatographed with toluene-AcOEt to afford the spiro[2.4]heptane 
derivative 67. Chemical yields are summarized in Table 4. 
 
5,5-Bis(methoxycarbonyl)-3-methylene-1-phenylsulfonyl-2-{spiro[2.4]hept-1-yl}cyclohex-1-ene (67a). 
Compound 67a was a yellow oil: IR 1736, 1306, 1148 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.94-7.92 (m, 2H), 7.61-7.58 (m, 1H), 7.54-7.52 (m, 2H), 5.48 (s, 1H), 
5.30 (s, 1H), 3.70 (s, 3H), 3.59 (s, 3H), 3.07 (d, 1H, J = 17.9 Hz), 2.95 (d, 1H, J 
= 17.9 Hz), 2.90 (d, 1H, J = 14.1 Hz), 2.74 (d, 1H, J = 14.1 Hz), 1.99-1.95 (m, 
1H), 1.74-1.57 (m, 5H), 1.47 (dt, 1H, J = 12.4, 7.2 Hz), 1.40-1.36 (m, 1H), 0.98-0.94 (m, 1H), 0.91 
(dd, 1H, J = 6.5, 5.2 Hz), 0.87 (dd, 1H, J = 8.6, 5.2 Hz); 13C NMR (100 MHz, CDCl3) δ 170.4, 169.9, 
146.4, 141.7, 139.4, 135.0, 133.0, 128.9, 127.1, 121.1, 53.9, 53.0, 52.8, 36.9, 36.4, 33.4, 32.3, 31.1, 
26.4, 26.0, 25.2, 23.2; DART MS m/z 445 (M++1, 82.4); DART HRMS calcd for C24H29O6S 





Compound 67e was a colorless amorphous; IR 3487, 1304, 1144 cm-1; 1H NMR 
(600 MHz, CDCl3, 55 ºC) δ 7.88-7.87 (m, 2H), 7.60-7.57 (m, 1H), 7.53-7.50 (m, 
2H), 5.41 (s, 1H), 5.25 (s, 1H), 3.56 (d, 1H, J = 10.7 Hz), 3.48-3.47 (m, 2H), 
3.40 (d, 1H, J = 10.7 Hz), 2.49 (d, 1H, J = 15.1 Hz), 2.25 (d, 1H, J = 15.1 Hz), 
2.10 (brs, 2H), 2.07-1.97 (m, 3H), 1.78-1.64 (m, 5H), 1.56 (dt, 1H, J = 12.4, 7.6 Hz), 1.47-1.43 (m, 
1H), 1.10-1.06 (m, 1H), 0.99-0.96 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 148.3, 141.3, 140.9, 
134.6, 133.1, 129.1, 127.2, 119.8, 68.8, 67.6, 40.1, 36.5, 36.1, 32.7, 31.63, 31.57, 26.5, 25.9, 24.8, 





Compound 67f was a yellow powder: m.p. 132-133 °C 
(benzene-hexane); IR 1728, 1713, 1531, 1350, 1300, 1148 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 8.30-8.27 (m, 4H), 8.15-8.13 (m, 2H), 
8.08-8.06 (m, 2H), 7.87-7.85 (m, 2H), 7.49-7.43 (m, 3H), 5.61 (s, 1H), 
5.36 (s, 1H), 4.33, 4.30 (ABq, 2H, JAB = 11.3 Hz), 4.20, 4.16 (ABq, 
2H, JAB = 11.3 Hz), 2.77 (dd, 1H, J = 17.9, 2.4 Hz), 2.52 (d, 1H, J = 
14.1 Hz), 2.44 (d, 1H, J = 17.9 Hz), 2.41 (d, 1H, J = 14.1 Hz), 
2.06-2.01 (m, 1H), 1.90-1.88 (m, 1H), 1.77-1.65 (m, 4H), 1.62-1.57 (m, 1H), 1.46-1.42 (m, 1H), 
1.12-1.09 (m, 1H), 1.02 (dd, 1H, J = 5.8, 5.2 Hz), 0.98 (dd, 1H, J = 8.6, 5.2 Hz); 13C NMR (151 
MHz, CDCl3) δ 164.2, 164.0, 150.69, 150.67, 146.7, 141.3, 139.3, 134.8, 134.7, 134.4, 133.1, 130.7, 
130.6, 129.0, 127.1, 123.7, 123.6, 121.6, 67.9, 66.0, 38.1, 36.9, 36.5, 32.7, 32.0, 31.4, 26.4, 25.9, 




2-{spiro[2.4]hept-1-yl}-5-azacyclohex-1-ene (67h).  
Compound 67h was a colorless amorphous: IR 1352, 1306, 1161 cm-1; 1H NMR (400 
MHz, CDCl3) δ 7.87-7.84 (m, 2H), 7.66-7.53 (m, 5H), 7.30-7.28 (m, 2H), 5.48 (s, 
1H), 5.36 (s, 1H), 4.15 (d, 1H, J = 17.4 Hz), 4.12 (d, 1H, J = 13.7 Hz), 3.95 (d, 1H, J 
= 17.4 Hz), 3.41 (d, 1H, J = 13.7 Hz), 2.43 (s, 3H), 1.89 (dt, 1H, J = 12.4, 7.8 Hz), 
1.68-1.52 (m, 5H), 1.38 (dt, 1H, J = 12.8, 6.4 Hz), 1.24 (dt, 1H, J = 12.4, 7.8 Hz), 0.94-0.91 (m, 1H), 
0.88-0.82 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 146.3, 144.0, 141.3, 137.3, 134.5, 133.4, 133.3, 
129.8, 129.2, 127.7, 127.0, 120.1, 49.1, 46.3, 36.4, 32.0, 31.0, 26.4, 25.9, 24.8, 22.9, 21.5; DART 













Compound 67q was a colorless amorphous: IR 1722, 1306, 1146, 1094 
cm-1; 1H NMR (400 MHz, CDCl3) δ 7.89-7.79 (m, 6H), 7.43-7.38 (m, 
7H), 5.58 (s, 1H), 5.32 (s, 1H), 4.25, 4.20 (ABq, 2H, JAB = 11.4 Hz), 
4.11, 4.05 (ABq, 2H, JAB = 11.4 Hz), 2.70 (d, 1H, J = 17.9 Hz), 2.46 (d, 
1H, J = 14.2 Hz), 2.40 (d, 1H, J = 17.9 Hz), 2.36 (d, 1H, J = 14.2 Hz), 
2.08-2.00 (m, 1H), 1.93 (t, 1H, J = 7.3 Hz), 1.77-1.56 (m, 5H), 
1.47-1.41 (m, 1H), 1.12-1.07 (m, 1H), 1.02-0.98 (m, 2H); 13C NMR 
(100 MHz, CDCl3) δ 165.2, 165.1, 146.6, 141.2. 139.80, 139.77, 139.5, 134.5, 133.1, 130.94, 130.88, 
129.0, 128.83, 128.79, 128.0, 127.9, 127.1, 121.4, 67.7, 65.5, 38.0, 37.0, 36.5, 32.7, 32.1, 31.3, 26.5, 




1-phenylsulfonylcyclohex-1-ene (68).  
To a solution of the alkyne-allenylcyclopentane 64 (43 mg, 0.10 mmol) in toluene 
(1.0 mL) was added RhCl(PPh3)3 (9.3 mg, 1.0×10-2 mmol) under N2 atmosphere. 
Then the reaction mixture was stirred at 80 °C for 0.2 h. The solvent was 
evaporated off, and the residue was chromatographed with toluene-AcOEt (40:1) 
to afford the triene derivative 68 (37.0 mg, 86%) as a pale yellow oil: IR 1736, 
1308, 1150 cm-1; 1H NMR (600 MHz, C6D6, 75 °C) δ 7.92-7.90 (m, 2H), 6.97-6.96 (m, 3H), 5.97 (s, 
1H), 5.34 (s, 1H), 4.99 (s, 1H), 3.50 (s, 2H), 3.26 (s, 6H), 2.89 (s, 2H), 2.13 (t, 2H, J = 7.2 Hz), 1.53 
(t, 2H, J = 7.2 Hz), 1.39 (quin, 2H, J = 7.2 Hz), 1.27 (quin, 2H, J = 7.2 Hz); 13C NMR (100 MHz, 
CDCl3) δ 170.2, 149.6, 145.3, 141.6, 136.9, 135.1, 132.8, 128.4, 127.9, 121.4, 114.1, 53.4, 53.0, 36.0, 
33.4, 32.8, 29.4, 26.00, 25.96; DART MS m/z 431 (M++1, 100); DART HRMS calcd for C23H27O6S 




To a solution of 67e (9.4 mg, 0.024 mmol) in CH2Cl2 (0.5 mL) were added 
indol-2-carboxylic acid (12 mg, 0.073 mmol), EDC·HCl (28 mg, 0.15 
mmol) and DMAP (3.0 mg, 0.024 mmol) at room temperature. After stirring 
for 20 h, the reaction was quenched by addition of saturated aqueous 
NaHCO3, and the mixture was extracted with CH2Cl2. The extract was 
washed with water and brine, dried, and concentrated to dryness. The 
residue was chromatographed with hexane-AcOEt (5:1) to afford 67r 










NMR (600 MHz, CDCl3) δ 9.19 (s, 1H), 8.96 (s, 1H), 7.88-7.87 (m, 2H), 7.63 (d, 1H, J = 8.2 Hz), 
7.61 (d, 1H, J = 8.2 Hz), 7.43-7.37 (m, 4H), 7.36-7.35 (m, 1H), 7.33-7.30 (m, 2H), 7.18-7.13 (m, 3H), 
7.09-7.08 (m, 1H), 5.58 (s, 1H), 5.35 (s, 1H), 4.37 (d, 1H, J = 11.0 Hz), 4.26 (d, 1H, J = 11.0 Hz), 
4.23 (d, 1H, J = 11.0 Hz), 4.10 (d, 1H, J = 11.0 Hz), 2.77 (d, 1H, J = 17.9 Hz), 2.48 (d, 1H, J = 14.4 
Hz), 2.41 (d, 1H, J = 17.9 Hz), 2.36 (d, 1H, J = 14.4 Hz), 2.07-2.02 (m, 1H), 1.96 (t, 1H, J = 7.2 Hz), 
1.73-1.58 (m, 5H), 1.46-1.42 (m, 1H), 1.10-1.06 (m 1H), 1.00-0.99 (m, 2H); 13C NMR (151 MHz, 
CDCl3) δ 161.5, 161.4, 147.0, 141.1, 139.6, 137.1, 137.0, 134.6, 133.1, 129.0, 127.3, 127.2, 127.1, 
126.4, 126.3, 125.7, 125.6, 122.55, 122.53, 121.3, 120.93, 120.89, 112.1, 111.9, 109.4, 109.3, 67.3, 
65.7, 38.2, 36.9, 36.5, 32.7, 32.0, 31.3, 26.4, 26.0, 25.4, 23.4; DART MS m/z 675 (M++1, 30.4); 
DART HRMS calcd for C40H39N2O6S 675.2529, found 675.2526. 
 
Procedure for Deuterium-Labeling Experiment of Allenylcyclopentane-Alkyne 71. 
To a solution of the alkyne-allenylcyclopentane 71 (44.5 mg, 0.100 mmol) in toluene (1.0 mL) was 
added RhCl(dppp)2 (9.6 mg, 1.0×10-2 mmol) under N2 atmosphere. Then the reaction mixture was 
refluxed for 1 h. The solvent was evaporated off, and the residue was chromatographed with 
toluene-AcOEt (50:1) to afford the spiro[2.4]heptane derivative 72 (28.2 mg, 63%) and 




Compound 72 was a yellow oil: IR 1736, 1306, 1151 cm-1; 1H NMR δ 7.94-7.92 
(m, 2H), 7.61-7.58 (m, 1H), 7.55-7.52 (m, 2H), 5.48 (s, 1H), 5.30 (s, 1H), 3.70 (s, 
3H), 3.59 (s, 3H), 3.08 (d, 1H, J = 17.5 Hz), 2.95 (d, 1H, J = 17.5 Hz), 2.90 (d, 
1H, J = 14.4 Hz), 2.74 (d, 1H, J = 14.4 Hz), 2.00-1.95 (m, 1H), 1.74-1.57 (m, 
4H), 1.49-1.44 (m, 1H), 1.40-1.36 (m, 1H), 0.98-0.94 (m, 1H), 0.90 (d, 1H, J = 5.2 Hz), 0.86 (d, 1H, 
J = 5.2 Hz); 13C NMR δ 170.5, 170.0, 146.4, 141.7, 139.5, 135.0, 133.0, 128.9, 127.2, 121.1, 54.0, 
53.0, 52.9, 36.9, 36.3, 33.4, 32.3, 31.1, 26.4, 26.0, 25.0, 22.9 (t, J = 26.0 Hz); DART MS m/z 446 




Compound 73 was a yellow oil: IR 1734, 1304, 1148 cm-1; 1H NMR (600 MHz, 
C6D6, 75 °C) δ 7.94-7.92 (m, 2H), 6.99-6.96 (m, 3H), 5.64 (t, 1H, J = 9.3 Hz), 
3.55 (s, 2H), 3.31 (s, 6H), 2.80 (s, 2H), 2.18 (brs, 2H), 1.52 (s, 3H), 1.39 (brs, 
2H), 1.26 (brs, 4H); 13C NMR (151 MHz, CDCl3) δ 170.6, 145.2, 142.6, 142.5, 
141.2, 134.9, 132.5, 129.0, 128.4, 127.3, 53.8, 52.9, 40.3, 33.5, 32.0, 28.2, 24.6, 24.3, 21.2; DART 




Preparation of 1-(1-Cyclohexenyl)cyclohexan-1-al (75). 
To a suspension of LiAlH4 (78.0 mg, 2.05 mmol) in Et2O (10 mL) was added 
1-(1-cyclohexenyl)-1-methoxycarbonylcyclohexane (440 mg, 1.86 mmol) at 0 °C. 
After stirring for 40 min, the reaction was quenched by addition of water at 0 °C, dried, 
and passed through a pad of Celite. The filtrate was concentrated to dryness to afford the crude 
alcohol. To a solution of (COCl)2 (0.16 mL, 1.9 mmol) in CH2Cl2 (5.3 mL) was added DMSO (0.27 
mL, 3.8 mmol) at –78 °C. After stirring for 30 min, the crude alcohol (310 mg, 1.60 mmol) was 
added to the reaction mixture. The resulting mixture was stirred for 30 min at the same temperature. 
Then, to the mixture was added Et3N (1.1 mL, 7.7 mmol), and warmed to room temperature. After 
stirring for 2 h, the reaction was quenched by addition of water, and the mixture was extracted with 
CH2Cl2. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was chromatographed with hexane to afford 75 (309 mg, 86 %) as a colorless oil: IR 2804, 
2704, 1717 cm-1; 1H NMR (400 MHz, CDCl3) δ 9.09 (s, 1H), 5.69-5.66 (m, 1H), 2.11-2.05 (m, 2H), 
1.97-1.93 (m, 2H), 1.82-1.80 (m, 2H), 1.60-1.48 (m, 8H), 1.37-1.19 (m, 4H); 13C NMR (101 MHz, 
CDCl3) δ 202.5, 126.2, 55.7, 29.3, 26.0, 25.8, 24.5, 23.0, 22.7, 22.1; DART MS m/z 193 (M++1, 
77.6); DART HRMS calcd for C13H21O 193.1592, found 193.1595. 
 
Preparation of (3E)-2-Methyl-hept-3-en-2-al (88). 
Compound 88 was synthesized from 2,2-dimethylhept-3-en-1-ol by the same 
procedure as described above. Compound 88 was a colorless oil: IR 2812, 2712, 1722 
cm-1; 1H NMR (400 MHz, CDCl3) δ 9.34 (s, 1H), 5.51 (dt, 1H, J = 16.0, 6.9 Hz), 5.35 
(dt, 1H, J = 16.0, 1.4 Hz), 2.03 (dt, 2H, J = 7.3, 6.9 Hz), 1.39 (tq, 2H, J = 7.3, 7.3 Hz), 1.16 (s, 6H), 
0.89 (t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 202.9, 132.4, 131.4, 48.4, 34.9, 22.4, 21.5, 
13.5; DART MS m/z 141 (M++1, 5.7); DART HRMS calcd for C9H17O 141.1279, found 141.1280. 
 
 (3Z)-2,2-Dimethyl-3-heptenoic acid methyl ester (S-3). 
To a solution of butyltriphenylphosphonium bromide (2.20 g, 5.50 mmol) in THF 
(35 mL) was added LHMDS (7.5 mL, 7.5 mmol, 1.0 M solution in THF) at –78 °C. 
After stirring for 2 h at room temperature, 2,2-dimethyl-3-oxopropanoate (495 mg, 
3.80 mmol) was added to the mixture at –78 °C. The resulting mixture was further stirred for 3 h at 
room temperature. The reaction was quenched by addition of saturated aqueous NH4Cl, and the 
mixture was extracted with Et2O. The extract was washed with water and brine, dried, and 
concentrated to dryness. The residue was chromatographed with hexane-AcOEt (90:1) to afford S-3 
(620 mg, 96 %) as a colorless liquid: IR 1724 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.40-5.29 (m, 2H), 
3.67 (s, 3H), 1.90 (dt, 2H, J = 7.3, 7.3 Hz), 1.33 (tq, 2H, J = 7.3, 7.3 Hz), 1.31 (s, 6H), 0.87 (t, 3H, J 
= 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 178.2, 134.3, 131.8, 51.9, 42.8, 29.9, 27.2, 22.5, 13.7; 







To a suspension of LiAlH4 (96.4 mg, 2.54 mmol) in Et2O (9 mL) was added S-3 (620 mg, 
3.64 mmol) at 0 °C. After stirring for 2 h, the reaction was quenched by addition of water 
at 0 °C, dried, and passed through a pad of Celite. The filtrate was concentrated to 
dryness to afford the crude alcohol. To a solution of (COCl)2 (0.25 mL, 2.9 mmol) in CH2Cl2 (8 mL) 
was added DMSO (0.41 mL, 5.7 mmol) at –78 °C. After stirring for 35 min, the crude alcohol (340 
mg, 2.39 mmol) was added, and the resulting mixture was stirred for 35 min at the same temperature. 
Then, to the mixture was added Et3N (1.6 mL, 12 mmol), and warmed to room temperature. After 
stirring for 2 h, the reaction was quenched by addition of water, and the mixture was extracted with 
CH2Cl2. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was chromatographed with hexane to afford 89 (260 mg, 78 %) as a pale yellow liquid: IR 
2812, 2714, 1720 cm-1; 1H NMR (400 MHz, CDCl3) δ 1H NMR δ 9.48 (s, 1H), 5.50 (dt, 1H, J = 11.0, 
7.3 Hz), 5.27 (dt, 1H, J = 11.0, 1.8 Hz), 1.89 (ddt, 2H, J = 7.3, 7.3, 1.8 Hz), 1.33 (tq, 2H, J = 7.3, 7.3 
Hz), 1.18 (s, 6H), 0.86 (t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 203.3, 134.5, 131.5, 47.6, 




To a solution of 4,4-bis(phenylsulphonyl)-1-butyne (576 mg, 1.72 mmol) in 
THF (7 mL) was added NaH (96 mg, 2.4 mmol, 60% in oil) at 0 °C. After 
stirring for 30 min at the same temperature, 1-bromo-2-butyne (0.17 mL, 1.9 mmol) was added at 
0 °C and the reaction mixture was further stirred for 3 h at room temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl, and the mixture was extracted with AcOEt. The 
extract was washed with water and brine, dried, and concentrated to dryness. The residue was 
chromatographed with hexane-AcOEt (4:1) to afford S-4 (456 mg, 69 %) as a colorless amorphous 
solid: IR 1337, 1313, 1151 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.21 (d, 4H, J = 7.3 Hz), 7.73 (t, 2H, 
J = 7.8 Hz), 7.60 (dd, 4H, J = 7.8, 7.3 Hz), 3.22-3.21 (m, 4H), 2.22 (t, 1H, J = 2.3 Hz), 1.77 (t, 3H, J 
= 2.3 Hz); 13C NMR (101 MHz, CDCl3) δ 136.3, 134.8, 131.6, 128.5, 87.5, 82.1, 75.8, 74.1, 70.2, 




To a suspension of LiAlH4 (140 mg, 3.6 mmol) in Et2O (10 mL) was added 
dimethyl 2-(hept-2-ynyl)-2-(prop-2-ynyl)malonate (396 mg, 1.50 mmol) at 
0 °C. After stirring for 1.5 h, the reaction was quenched by addition of water at 0 °C, dried, and 
passed through a pad of Celite. The filtrate was concentrated to dryness to afford the crude diol. To a 
solution of the crude diol and 2,2-dimethoxypropane (0.9 mL, 7.5 mmol) in CH2Cl2 (7.5 mL) was 
added PPTS (40 mg, 0.15 mmol) at room temperature. After stirring for 1 h, the solvent was 
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evaporated off, and the residue was chromatographed with hexane-AcOEt (50:1) to afford S-5 (225 
mg, 61 %) as a colorless oil: IR 3308 cm-1; 1H NMR (400 MHz, CDCl3) δ 3.78 (d, 2H, J = 11.4 Hz), 
3.75 (d, 2H, J = 11.4 Hz), 2.43 (d, 2H, J = 2.7 Hz), 2.34 (t, 2H, J = 2.3 Hz), 2.16 (tt, 2H, J = 6.9, 2.3 
Hz), 2.03 (t, 1H, J = 2.7 Hz), 1.50-1.34 (m, 4H), 1.42 (s, 6H), 0.90 (t, 3H, J = 7.3 Hz); 13C NMR 
(101 MHz, CDCl3) δ 98.1, 83.5, 80.2, 74.9, 71.1, 70.6, 66.0, 35.2, 31.1, 24.5, 23.1, 23.0, 22.8, 22.0, 
18.4, 13.6; DART MS m/z 249 (M++1, 1.5); DART HRMS calcd for C16H25O2 249.1855, found 
249.1855. 
 
General Procedure for Preparation of Propargyl Alcohols 77a-c,e,g,h,j-l,o,p, 78, 91a,b, 92, 93a 
and 93b. 
To a solution of diyne (1.0 mmol) in THF (10 mL) was added LHMDS (1.2 mL, 1.2 mmol, 1.0 M 
solution in THF) at –78 °C. After stirring for 30 min, aldehyde (1.4 mmol) was added to the mixture, 
and the reaction mixture was further stirred for 5 min at the same temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl, and the mixture was extracted with AcOEt. The 
extract was washed with water and brine, dried, and concentrated to dryness. The residue was 
chromatographed with hexane-AcOEt to afford the corresponding propargyl alcohol. Chemical 
yields are summarized in Scheme 11, 14 and 15. 
 
Dimethyl 2-[5-(1-Cyclohexenyl)-4-hydroxy-5-methylhex-2-ynyl]-2-(prop-2-ynyl)malonate (77a). 
Compound 77a was a colorless oil: IR 3601, 3308, 1740 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 5.65-5.63 (m, 1H), 4.25-4.24 (m, 1H), 3.75 (s, 6H), 
3.04 (d, 2H, J = 2.1 Hz), 2.97 (d, 2H, J = 2.7 Hz), 2.10-2.04 (m, 2H), 
2.02 (t, 1H, J = 2.7 Hz), 2.00-1.88 (m, 2H), 1.74 (d, 1H, J = 4.1 Hz), 
1.68-1.51 (m, 4H), 1.10 (s, 3H), 1.03 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.1, 140.5, 123.3, 
82.8, 79.7, 78.3, 71.7, 67.8, 56.5, 53.0, 43.9, 25.5, 24.5, 23.2, 23.1, 23.0, 22.7, 22.1, 21.0; DART MS 
m/z 361 (M++1, 15.5); DART HRMS calcd for C21H29O5 361.2015, found 361.2016. 
 
Dimethyl 2-(But-2-ynyl)-2-[5-(1-cyclohexenyl)-4-hydroxy-5-methylhex-2-ynyl]malonate (77b). 
Compound 77b was a colorless oil; IR 3308, 1738 cm-1; 1H NMR (600 
MHz, CDCl3) δ 5.58-5.57 (m, 1H), 4.183-4.177 (m, 1H), 3.67 (s, 6H), 
2.95 (s, 2H), 2.84 (q, 2H, J = 2.4 Hz), 2.02-2.00 (m 2H), 1.99-1.92 (m, 
1H), 1.89-1.84 (m, 1H), 1.67 (t, 4H, J = 2.4 Hz), 1.57-1.46 (m, 4H), 1.03 
(s, 3H), 0.97 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 169.5, 140.5, 123.4, 82.5, 80.2, 79.2, 72.9, 67.9, 
56.8, 52.9, 44.0, 25.6, 24.6, 23.3, 23.2, 23.14, 23.07, 22.2, 21.0, 3.5; DART MS m/z 375 (M++1, 3.8); 






Dimethyl 2-[5-(1-Cyclohexenyl)-4-hydroxy-5-methylhex-2-ynyl]-2-(hept-2-ynyl)malonate (77c). 
Compound 77c was a colorless oil: IR 3601, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 5.66-5.64 (m, 1H), 4.25 (brs, 1H), 3.74 (s, 6H), 3.02 (d, 
2H, J = 1.8 Hz), 2.93 (t, 2H, J = 2.3 Hz), 2.14-1.91 (m, 6H), 1.76 (d, 1H, 
J = 3.7 Hz), 1.69-1.51 (m, 4H), 1.46-1.32 (m, 4H), 1.11 (s, 3H), 1.04 (s, 
3H), 0.89 (t, 3H, J = 7.1 Hz); 13C NMR (101 MHz, CDCl3) δ 169.5, 140.5, 123.4, 83.9, 82.4, 80.2, 
73.8, 67.9, 56.9, 52.91, 52.88, 44.0, 30.9, 25.6, 24.5, 23.3, 23.2, 23.1, 23.0, 22.2, 21.7, 20.9, 18.3, 





Compound 77e was a colorless oil: IR 3601, 1740 cm-1; 1H NMR (600 
MHz, CDCl3) δ 5.65-5.63 (m, 1H), 4.24 (dd, 1H, J = 1.9, 1.9 Hz), 3.74 (s, 
6H), 3.02 (dd, 2H, J = 2.1, 1.9 Hz), 2.98 (s, 2H), 2.08-2.05 (m, 2H), 
2.03-1.96 (m, 1H), 1.95-1.90 (m, 1H), 1.75 (brs, 1H), 1.67-1.52 (m, 4H), 
1.10 (s, 3H), 1.03 (s, 3H), 0.12 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 169.2, 140.5, 123.5, 100.7, 
88.5, 82.6, 80.1, 67.9, 56.8, 53.0, 44.0, 25.6, 24.6, 24.2, 23.3, 23.2, 23.1, 22.2, 21.0, -0.10; DART 
MS m/z 433 (M++1, 21.7); DART HRMS calcd for C24H37O5Si 433.2410, found 433.2414. 
 
2-(1-Cyclohexenyl)-2-methyl-7,7-bis(phenylsulfonyl)undeca-4,9-diyn-3-ol (77g). 
Compound 77g was a colorless oil: IR 3595, 1335, 1313, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 8.20 (d, 4H, J = 7.8 Hz), 7.72 (t, 2H, J = 7.8 
Hz), 7.59 (dd, 4H, J = 7.8, 7.8 Hz), 5.68-5.66 (m, 1H), 4.29 (brs, 1H), 3.28 
(dd, 1H, J = 17.9, 2.3 Hz), 3.25-3.19 (m, 3H), 2.07-1.88 (m, 5H), 1.74 (dd, 
3H, J = 2.7, 2.3 Hz), 1.69-1.51 (m, 4H), 1.16 (s, 3H), 1.11 (s, 3H); 13C NMR (101 MHz, CDCl3) 
NMR δ 140.5, 136.3, 134.7, 131.5, 128.5, 123.2, 87.6, 85.1, 82.0, 77.5, 70.3, 68.1, 44.1, 25.6, 24.5, 
23.2, 23.1, 22.1, 21.2, 21.0, 3.7; DART MS m/z 539 (M++1, 1.8); DART HRMS calcd for 




Compound 77h was a colorless oil: IR 3607 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 5.64-5.62 (m, 1H), 4.28 (brs, 1H), 3.76 (d, 2H, J = 11.9 Hz), 
3.70 (dd, 2H, J = 11.9, 4.6 Hz), 2.43 (d, 2H, J = 2.1 Hz), 2.33 (t, 2H, J = 
2.4 Hz), 2.14 (tt, 2H, J = 7.0, 2.4 Hz), 2.07-2.02 (m, 2H), 2.01-1.92 (m, 
2H), 1.81 (brs, 1H), 1.65-1.48 (m, 4H), 1.47-1.35 (m, 10H), 1.12 (s, 3H), 1.06 (s, 3H), 0.88 (t, 3H, J 
= 7.0 Hz); 13C NMR (151 MHz, CDCl3) δ 140.7, 123.1, 98.0, 83.3, 82.1, 81.7, 75.1, 68.1, 66.1, 44.1, 
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35.5, 31.1, 25.5, 24.6, 24.1, 23.4, 23.22, 23.19, 23.15, 22.2, 21.9, 21.4, 18.3, 13.5; DART MS m/z 




Compound 77j was a colorless oil; IR 3570 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.71 (d, 2H, J = 8.2 Hz), 7.29 (d, 2H, J = 8.2 Hz), 5,61-5.59 (m, 1H), 
4.20-4.18 (m, 2H), 4.14-4.12 (m, 3H), 2.42 (s, 3H), 2.07-2.03 (m, 2H), 
2.02-1.99 (m, 1H), 1.96-1.93 (m, 1H), 1.92-1.88 (m, 1H), 1.62-1.51 (m, 6H), 
1.34-1.25 (m, 4H), 1.03 (s, 3H), 0.95 (s, 3H), 0.86 (t, 3H, J = 7.2 Hz); 13C NMR (151 MHz, CDCl3) 
δ 143.5, 140.3, 135.6, 129.5, 127.9, 127.7, 123.5, 86.5, 84.7, 78.4, 72.0, 67.9, 43.9, 36.8, 36.4, 30.4, 
25.6, 24.6, 23.2, 22.2, 21.8, 21.5, 21.2, 18.2, 13.5; DART MS m/z 456 (M++1, 5.5); DART HRMS 
calcd for C27H38NO3S 456.2572, found 456.2583. 
 
2-(1-Cyclohexenyl)-6-(hept-2-ynyloxy)-2-methylhex-4-yn-3-ol (77k). 
 Compound 77k was a colorless oil; IR 3504 cm-1; 1H NMR (600 MHz, CDCl3) 
δ 5.61-5.60 (m, 1H), 4.26 (brs, 1H), 4.22 (d, 2H, J = 1.7 Hz), 4.16 (t, 2H, J = 
2.1 Hz), 2.17-2.13 (m, 2H), 2.02-1.95 (m 3H), 1.91-1.87 (m, 1H), 1.73 (d, 1H, J 
= 3.8 Hz), 1.61-1.50 (m, 4H), 1.46-1.40 (m, 2H), 1.37-1.31 (m, 2H), 1.09 (s, 
3H), 1.03 (s, 3H), 0.84 (t, 3H, J = 7.6 Hz); 13C NMR (151 MHz, CDCl3) δ 140.4, 123.7, 87.7, 85.8, 
81.1, 75.0, 68.0, 57.0, 56.5, 44.1, 30.6, 25.6, 24.6, 23.6, 23.2, 22.2, 21.9, 21.1, 18.4, 13.6; DART MS 
m/z 303 (M++1, 5.5); DART HRMS calcd for C20H31O2 303.2324, found 303.2332. 
 
Dimethyl 2-(But-2-ynyl)-2-[4-(1-cyclohexenylcyclohexyl)-4-hydroxybut-2-ynyl]malonate (77l). 
Compound 77l was a colorless oil: IR 3601, 1736 cm-1; 1H NMR (600 
MHz, CDCl3) δ 5.68 (dd, 1H, J = 3.8, 3.8 Hz), 4.00 (brs, 1H), 3.730 (s, 
3H), 3.729 (s, 3H), 3.04 (dd, 1H, J = 16.8, 2.1 Hz), 3.00 (dd, 1H, J = 16.8, 
2.1 Hz), 2.92 (dq, 1H, J = 19.6, 2.7 Hz), 2.89 (dq, 1H, J = 19.6, 2.4 Hz), 
2.16-2.07 (m, 2H), 2.03-2.00 (m, 1H), 1.92-1.77 (m, 4H), 1.73 (dd, 3H, J = 2.7, 2.4 Hz), 1.70-1.61 
(m, 1H), 1.60-1.49 (m, 6H), 1.44 (ddd, 1H, J = 13.4, 12.7, 3.1 Hz), 1.36-1.28 (m, 2H), 1.26-1.17 (m, 
2H); 13C NMR (151 MHz, CDCl3) δ 169.5, 136.0, 127.5, 82.4, 80.5, 79.2, 72.9, 68.0, 56.8, 52.9, 48.0, 
31.1, 28.5, 26.2, 25.8, 24.8, 23.3, 23.2, 23.1, 22.4, 22.15, 22.12, 3.5; DART MS m/z 415 (M++1, 
10.2); DART HRMS calcd for C25H35O5 415.2485, found 415.2488. 
 
Dimethyl 2-[5-(1-Cyclopentenyl)-4-hydroxy-5-methylhex-2-ynyl]-2-(prop-2-ynyl)malonate (77o). 
Compound 77o was a colorless oil: IR 3601, 3308, 1740 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 5.55-5.54 (m, 1H), 4.21 (brs, 1H), 3.74 (s, 6H), 3.03 
(s, 2H), 2.96 (d, 2H, J = 2.7 Hz), 2.33-2.24 (m, 4H), 2.01 (t, 1H, J = 2.7 
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Hz), 1.89-1.80 (m, 2H), 1.78 (d, 1H, J = 4.1 Hz), 1.13 (s, 3H), 1.07 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 169.1, 148.6, 126.2, 82.7, 79.9, 78.3, 71.7, 68.5, 56.5, 53.1, 41.5, 32.3, 31.7, 23.6, 23.5, 
23.0, 22.7, 21.7; DART MS m/z 347 (M++1, 22.9); DART HRMS calcd for C20H27O5 347.1859, 
found 347.1862. 
 
Dimethyl 2-(But-2-ynyl)-2-[5-(1-cycloheptenyl)-4-hydroxy-5-methyl-hex-2-ynyl]malonate (77p). 
Compound 77p was a colorless oil: IR 3599, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 5.81 (dd, 1H, J = 6.9, 6.9 Hz), 4.24 (brs, 1H), 3.73 (s, 
6H), 3.01 (d, 2H, J = 1.8 Hz), 2.89 (q, 2H, J = 2.7 Hz), 2.16-2.11 (m, 4H), 
1.77-1.68 (m, 3H), 1.73 (t, 3H, J = 2.7 Hz), 1.44-1.38 (m, 4H), 1.08 (s, 
3H), 1.03 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.5, 147.8, 128.7, 82.3, 80.2, 79.2, 72.8, 67.4, 
56.8, 52.9, 44.9, 32.9, 28.3, 28.2, 27.0, 26.7, 23.1, 23.0, 22.9, 20.6, 3.5; DART MS m/z 389 (M++1, 
26.3); DART HRMS calcd for C23H33O5 389.2328, found 389.2322. 
 
Dimethyl 2-(But-2-ynyl)-2-[5-(1-cyclohexenyl)-4-hydroxyhex-2-ynyl]malonate (78). 
Compound 78 was a colorless oil: IR 3597, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 5.53 (brs, 1H), 4.37 (tt, 1H, J = 6.9, 1.8 Hz), 3.72 (s, 6H), 
2.96 (d, 2H, J = 1.8 Hz), 2.87 (q, 2H, J = 2.3 Hz), 2.27 (d, 2H, J = 6.9 
Hz), 2.02-1.92 (m, 5H), 1.72 (t, 3H, J = 2.3 Hz), 1.63-1.50 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 
169.4, 133.0, 125.7, 84.5, 79.2, 79.1, 72.8, 60.4, 56.8, 52.9, 46.7, 28.4, 25.2, 22.95, 22.85, 22.7, 22.1, 
3.4; DART MS m/z 347 (M++1, 16.3); DART HRMS calcd for C20H27O5 347.1859, found 347.1854. 
 
Dimethyl 2-(5,5-Diethyl-4-hydroxyhept-6-en-2-ynyl)-2-(prop-2-ynyl)malonate (91a). 
Compound 91a was a colorless oil: IR 3605, 3308, 1740 cm-1; 1H NMR (600 
MHz, CDCl3) δ 5.77 (dd, 1H, J = 17.5, 11.3 Hz), 5.29 (dd, 1H, J = 11.3, 1.4 
Hz), 5.09 (dd, 1H, J = 17.5, 1.4 Hz), 4.18 (brs, 1H), 3.75 (s, 6H), 3.03 (d, 2H, 
J = 2.1 Hz), 2.96 (d, 2H, J = 2.7 Hz), 2.03 (t, 1H, J = 2.7 Hz), 1.73-1.64 (m, 
1H), 1.61-1.41 (m, 4H), 0.80 (t, 3H, J = 7.6 Hz), 0.79 (t, 3H, J = 7.6 Hz); 13C NMR (151 MHz, 
CDCl3) δ 169.1, 141.0, 116.7, 82.9, 80.6, 78.3, 71.7, 66.6, 56.5, 53.1, 47.4, 25.0, 23.0, 22.8, 22.4, 7.7, 
7.5; DART MS m/z 335 (M++1, 6.8); DART HRMS calcd for C19H27O5 335.1859, found 335.1865. 
 
Dimethyl 2-(But-2-ynyl)-2-(5,5-diethyl-4-hydroxyhept-6-en-2-ynyl)malonate (91b). 
Compound 91b was a colorless oil: IR 3601, 1736 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 5.77 (dd, 1H, J = 17.9, 11.0 Hz), 5.28 (dd, 1H, J = 11.0, 1.4 Hz), 
5.08 (dd, 1H, J = 17.9, 1.4 Hz), 4.17 (brs, 1H), 3.73 (s, 6H), 3.00 (d, 2H, J = 
1.8 Hz), 2.88 (q, 2H, J = 2.3 Hz), 1.74 (t, 3H, J = 2.3 Hz), 1.71 (brs, 1H), 
1.63-1.39 (m, 4H), 0.79 (t, 3H, J = 7.3 Hz), 0.77 (t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 
169.5, 141.1, 116.6, 82.6, 80.9, 79.2, 72.8, 66.6, 56.8, 52.9, 47.4, 24.9, 23.1, 23.0, 22.3, 7.7, 7.5, 3.5; 
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DART MS m/z 349 (M++1, 14.2); DART HRMS calcd for C20H29O5 349.2015, found 349.2019. 
 
(E)-Dimethyl 2-(But-2-ynyl)-2-(4-hydroxy-5,5-dimethyldec-6-en-2-ynyl)malonate (92). 
Compound 92 was a colorless oil: IR 3595, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 5.51-5.40 (m, 2H), 3.93 (t, 1H, J = 1.8 Hz), 3.72 (s, 6H), 
2.98 (d, 2H, J = 1.8 Hz), 2.88 (q, 2H, J = 2.3 Hz), 2.00 (dt, 2H, J = 7.3, 
5.5 Hz), 1.86 (brs, 1H), 1.72 (t, 3H, J = 2.3 Hz), 1.37 (2H, tq, J = 7.3, 
7.3 Hz), 1.02 (s, 3H), 1.01 (s, 3H), 0.87 (t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 169.4, 
135.1, 130.4, 82.6, 80.3, 79.1, 72.8, 70.2, 56.8, 52.9, 41.1, 34.8, 23.4, 23.1, 22.95, 22.88, 22.5, 13.5, 
3.4; DART MS m/z 363 (M++1, 17.4); DART HRMS calcd for C21H31O5 363.2172, found 363.2169. 
 
(Z)-Dimethyl 2-(But-2-ynyl)-2-(4-hydroxy-5,5-dimethyldec-6-en-2-ynyl)malonate (93a). 
Compound 93a was a colorless oil: IR 3601, 1738 cm-1; 1H NMR (400 
MHz, CDCl3) δ 5.36-5.25 (m, 2H), 4.06 (s, 1H), 3.69 (s, 6H), 2.95 (d, 
2H, J = 2.3 Hz), 2.84 (q, 2H, J = 2.3 Hz), 2.11 (dt, 2H, J = 7.3, 7.3 Hz), 
1.97 (brs, 1H), 1.69 (t, 3H, J = 2.3 Hz), 1.34 (tq, 2H, J = 7.3, 7.3 Hz), 1.116 (s, 3H), 1.112 (s, 3H), 
0.86 (t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 169.4, 134.1, 132.3, 82.6, 80.3, 79.1 72.8, 
70.8, 56.8, 52.9, 41.8, 30.6, 24.6, 24.0, 23.2, 23.1, 22.9, 13.7, 3.4; DART MS m/z 363 (M++1, 19.0); 
DART HRMS calcd for C21H31O5 363.2172, found 363.2170. 
 
(Z)-Dimethyl 2-(But-2-ynyl)-2-(4-hydroxy-5,5-dimethyl-dodec-6-en-2-ynyl)malonate (93b). 
Compound 93b was a colorless oil: IR 3607, 1736 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 5.37 (dt, 1H, J = 11.9, 7.3 Hz), 5.29 (dt, 1H, J 
= 11.9, 1.4 Hz), 4.10-4.09 (m, 1H), 3.72 (s, 6H), 2.99 (d, 2H, J = 1.8 
Hz), 2.88 (q, 2H, J = 2.3 Hz), 2.15 (ddt, 2H, J = 7.3, 6.4, 1.4 Hz), 1.89 (brs, 1H), 1.73 (t, 3H, J = 2.3 
Hz), 1.38-1.25 (m, 6H), 1.152 (s, 3H), 1.147 (s, 3H), 0.87 (t, 3H, J = 6.4 Hz); 13C NMR (101 MHz, 
CDCl3) δ 169.5, 133.8, 132.8, 82.6, 80.5, 79.2 72.8, 70.9, 56.9, 52.9, 41.9, 31.6, 29.9, 28.6, 24.7, 
24.0, 23.1, 23.0, 22.5, 14.0, 3.5; DART MS m/z 391 (M++1, 19.9); DART HRMS calcd for C23H35O5 
391.2485, found 391.2479. 
 
General Procedure for Preparation of Allene-Ene-Ynes 79a-c,e,g,h,j-l,o,p, 80, 94a,b, 95, 96a 
and 96b. 
To a solution of propargyl alcohol (1.0 mmol) and Et3N (0.83 mL, 6.0 mmol) in THF (20 mL) was 
added PhSCl (0.33 mL, 3.0 mmol) slowly at –78 °C. After stirring for 1 h at the same temperature, 
the reaction was quenched by addition of saturated aqueous NaHCO3, and the mixture was extracted 
with AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was passed through a short pad of silica gel with hexane-AcOEt to afford the crude sulfoxide. 
To a solution of the crude sulfoxide in EtOH (3.0 mL) was added a solution of (NH4)6Mo7O24•4H2O 
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(1.0 mmol) and 30 % aqueous H2O2 (2.0 mL) in EtOH (3.0 mL) at 0 °C. The reaction mixture was 
stirred at 0 °C to room temperature until complete disappearance of the starting material was 
confirmed by TLC analysis. Then, the reaction mixture was quenched by addition of saturated 
aqueous NaHCO3, and the mixture was extracted with AcOEt. The extract was washed with water 
and brine, dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt 




Compound 79a was a colorless oil: IR 3308, 1952, 1736, 1306, 1151 cm-1; 
1H NMR (600 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.2 Hz), 7.61 (t, 1H, J = 
7.2 Hz), 7.53 (dd, 2H, J = 7.2, 7.2 Hz), 5.77 (t, 1H, J = 2.7 Hz), 5.53-5.51 
(m, 1H), 3.72 (s, 3H), 3.69 (s, 3H), 3.13 (d, 2H, J = 2.4 Hz), 2.92 (d, 2H, J 
= 2.7 Hz), 2.04-2.00 (m, 2H), 1.98-1.96 (m, 2H), 1.90 (t, 1H, J = 2.4 Hz), 1.64-1.48 (m, 4H), 1.13 (s, 
3H), 1.08 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 203.2, 169.3, 169.2, 142.1, 140.1, 133.3, 129.0, 
128.4, 120.8, 112.5, 109.7, 78.4, 71.9, 56.3, 53.04, 53.03, 41.8, 28.9, 26.2, 26.0, 25.4, 24.8, 23.2, 





Compound 79b was a colorless oil; IR 1952, 1738, 1306, 1150 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.2 Hz), 7.61 (t, 1H, J = 7.6 
Hz), 7.53 (dd, 2H, J = 7.6, 7.2 Hz), 5.75 (dd, 1H, J = 3.1, 2.4 Hz), 
5.53-5.51 (m, 1H), 3.70 (s, 3H), 3.67 (s, 3H), 3.13 (dd, 1H, J = 15.8, 3.1 
Hz), 3.09 (dd, 1H, J = 15.8, 2.4 Hz), 2.86-2.84 (m, 2H), 2.04-2.01 (m, 2H), 1.99-1.96 (m, 2H), 1.67 
(dd, 3H, J = 2.7, 2.4 Hz), 1.64-1.50 (m, 4H), 1.13 (s, 3H), 1.08 (s, 3H); 13C NMR (151 MHz, CDCl3) 
δ 203.3, 169.6, 169.5, 142.2, 140.3, 133.2, 128.9, 128.3, 120.7, 112.4, 109.9, 79.4, 73.0, 56.6, 52.92, 
52.87, 41.8, 28.8, 26.2, 26.0, 25.4, 24.8, 23.2, 23.0, 22.3, 3.5; DART MS m/z 499 (M++1, 100); 




Compound 79c was a colorless oil: IR 1952, 1736, 1306, 1150 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.9 Hz), 7.61 (t, 1H, J = 7.9 
Hz), 7.53 (dd, 2H, J = 7.9, 7.9 Hz), 5.75 (dd, 1H, J = 2.7, 2.7 Hz), 
5.52-5.51 (m, 1H), 3.70 (s, 3H), 3.66 (s, 3H), 3.12 (dd, 1H, J = 16.2, 2.7 
Hz), 3.09 (dd, 1H, J = 16.2, 2.7 Hz), 2.89 (dt, 1H, J = 17.2, 2.4 Hz), 2.85 (dt, 1H, J = 17.2, 2.4 Hz), 
69 
 
2.06-2.01 (m, 4H), 1.99-1.94 (m, 2H), 1.65-1.48 (m, 4H), 1.40-1.29 (m, 4H), 1.13 (s, 3H), 1.08 (s, 
3H), 0.87 (t, 3H, J = 7.2 Hz); 13C NMR (151 MHz, CDCl3) δ 203.2, 169.6, 169.5, 142.2, 140.3, 
133.2, 128.9, 128.3, 120.7, 112.4, 109.9, 84.1, 73.8, 56.8, 52.9, 52.8, 41.8, 30.8, 28.7, 26.2, 26.0, 
25.4, 24.8, 23.2, 23.0, 22.3, 21.8, 18.3, 13.5; DART MS m/z 541 (M++1, 100); DART HRMS calcd 
for C31H41O6S 541.2624, found 541.2616. 
 
Dimethyl 2-[5-(1-Cyclohexenyl)-5-methyl-2-phenylsulfonylhexa-2,3-dienyl]-  
2-[(3-trimethylsilyl)prop-2-ynyl]malonate (79e). 
Compound 79e was a colorless oil: IR 1952, 1736, 1306, 1151 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.7 Hz), 7.61 (t, 1H, J = 7.7 
Hz), 7.52 (dd, 2H, J = 7.7, 7.7 Hz), 5.75 (dd, 1H, J = 2.4, 2.4 Hz), 
5.51-5.50 (m, 1H), 3.70 (s, 3H), 3.66 (s, 3H), 3.12 (dd, 1H, J = 16.2, 2.4 
Hz), 3.09 (dd, 1H, J = 16.2, 2.4 Hz), 2.95 (d, 1H, J = 17.4 Hz), 2.91 (d, 1H, J = 17.4 Hz), 2.03-1.95 
(m, 4H), 1.65-1.47 (m, 4H), 1.13 (s, 3H), 1.06 (s, 3H), 0.09 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 
203.3, 169.3, 169.2, 142.1, 140.2, 133.3, 129.0, 128.3, 120.8, 112.4, 109.8, 100.8, 88.7, 56.7, 52.9, 
41.8, 28.6, 26.19, 26.16, 25.4, 24.8, 24.1, 23.2, 22.3, -0.09; DART MS m/z 557 (M++1, 100); DART 
HRMS calcd for C30H41O6SSi 557.2393, found 557.2397. 
 
2-(1-Cyclohexenyl)-2-methyl-5,7,7-tris(phenylsulfonyl)undeca-3,4-dien-9-yne (79g) 
Compound 79g was a colorless amorphous solid: IR 1961, 1335, 1313, 
1155, 1148 cm-1; 1H NMR (600 MHz, CDCl3) δ 8.05 (d, 2H, J = 7.2 Hz), 
8.00 (d, 2H, J = 7.2 Hz), 7.87 (d, 2H, J = 7.2 Hz), 7.70 (t, 1H, J = 7.2 Hz), 
7.68 (t, 1H, J = 7.2 Hz), 7.62 (t, 1H, J = 7.2 Hz), 7.57-7.51 (m, 6H), 5.91 
(dd, 1H, J = 3.1, 3.1 Hz), 5.56-5.54 (m, 1H), 3.47 (dq, 1H, J = 18.2, 2.4 Hz), 3.41 (dd, 1H, J = 16.8, 
3.1 Hz), 3.28 (dd, 1H, J = 16.8, 3.1 Hz), 3.13 (dq, 1H, J = 18.2, 2.4 Hz), 2.06-1.97 (m, 4H), 
1.66-1.47 (m, 4H), 1.42 (dd, 3H, J = 2.4, 2.4 Hz), 1.20 (s, 3H), 1.17 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 203.8, 142.6, 140.1, 136.8, 136.7, 134.8, 134.7, 133.4, 131.7, 131.4, 129.0, 128.7, 128.4, 
128.3, 120.4, 114.0, 107.6, 88.7, 82.2, 71.1, 41.9, 27.0, 26.0, 25.4, 24.8, 23.2, 22.3, 20.5, 3.5; DART 




Compound 79h was a colorless oil: IR 3499, 1950, 1711, 1306, 1148 cm-1; 
1H NMR (600 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.4 Hz), 7.61 (t, 1H, J = 7.4 
Hz), 7.53 (dd, 2H, J = 7.4, 7.4 Hz), 5.72 (dd, 1H, J = 3.1, 2.1 Hz), 
5.51-5.50 (m, 1H), 3.74-3.65 (m, 4H), 2.54 (dd, 1H, J = 15.5, 3.1 Hz), 2.46 
(dt, 1H, J = 16.8, 2.4 Hz), 2.44 (dd, 1H, J = 15.5, 2.1 Hz), 2.40 (dt, 1H, J = 16.8, 2.4 Hz), 2.10 (tt, 2H, 
J = 7.2, 2.4 Hz), 2.03-2.00 (m, 2H), 1.97-1.95 (m, 2H), 1.64-1.48 (m, 4H), 1.44-1.33 (m, 10H), 1.12 
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(s, 3H), 1.08 (s, 3H), 0.88 (t, 3H, J = 7.2 Hz); 13C NMR (151 MHz, CDCl3) δ 203.6, 142.1, 140.2, 
133.2, 128.9, 128.3, 120.7, 111.4, 110.5, 98.1, 83.3, 75.4, 66.33, 66.29, 41.7, 36.3, 31.1, 29.7, 26.3, 
26.2, 25.4, 24.84, 24.75, 23.2, 22.7, 22.6, 22.2, 21.9, 18.4, 13.5; DART MS m/z 525 (M++1, 35.0); 




Compound 79j was a colorless oil; IR 1958 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.95 (d, 2H J = 6.9 Hz), 7.67-7.61 (m 3H), 7.54 (dd, 2H J = 7.2, 6.9 
Hz), 7.27-7.26 (m, 2H), 5.82 (s, 1H), 5.54 (brs, 1H), 4.22 (d, 1H, J = 15.4 
Hz), 4.11 (d, 1H, J = 15.4 Hz), 3.89 (d, 1H, J = 18.2 Hz), 3.80 (d, 1H, J = 
18.2 Hz), 2.41 (s, 3H), 2.02-1.97 (m, 4H), 1.84 (brs, 2H), 1.62-1.59 (m, 4H), 1.53-1.52 (m, 2H), 
1.17-1.13 (m, 8H), 0.83 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 204.1, 143.4, 142.1, 136.1, 133.5, 
129.4, 129.0, 128.3, 127.8, 120.8, 112.6, 110.5, 87.0, 71.7, 44.1, 41.8, 36.7, 30.4, 26.4, 26.3, 25.5, 
24.9, 23.2, 22.3, 21.9, 21.5, 18.1, 13.5; DART MS m/z 580 (M++1, 100); DART HRMS calcd for 
C33H42NO4S2 580.2555, found 580.2569. 
 
2-(1-Cyclohexenyl)-2-methyl-5-phenylsulfonyl-6-(hept-2-ynyloxy)hexa-3,4-diene (79k) 
Compound 79k was a colorless oil; IR 1954 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.94 (d, 2H, J = 8.3 Hz), 7.60 (t, 1H, J = 7.2 Hz), 7.51 (dd, 2H, J = 
8.3, 7.2 Hz), 5.79 (dd, 1H, J = 1.7, 1.7 Hz), 5.56-5.55 (m, 1H), 4.42 (dd, 1H, 
J = 12.7, 1.7 Hz), 4.40 (dd, 1H, J = 12.7, 1.7 Hz), 3.97 (dt, 1H, J = 15.5, 2.4 
Hz), 3.93 (dt, 1H, J = 15.5, 2.1 Hz), 2.18 (ddt, 2H, J = 7.2, 2.4, 2.1 Hz), 2.04-2.01 (m, 2H), 1.99-1.96 
(m, 2H), 1.62-1.57 (m, 2H), 1.55-1.51 (m, 2H), 1.49-1.44 (m, 2H), 1.42-1.35 (m, 2H), 1.13 (s, 3H), 
1.12 (s, 3H), 0.90 (t, 3H, J = 7.2 Hz); 13C NMR (151 MHz, CDCl3) δ 204.7, 142.0, 141.2, 133.2, 
128.8, 128.3, 120.8, 111.3, 110.8, 87.8, 74.9, 65.3, 57.2, 41.5, 30.6, 26.5, 25.5, 24.8, 23.2, 22.3, 21.9, 





Compound 79l was a colorless oil: IR 1948, 1736, 1306, 1150 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.2 Hz), 7.61 (t, 1H, J = 7.2 
Hz), 7.53 (dd, 2H, J = 7.2, 7.2 Hz), 5.64 (dd, 1H, J = 3.1, 2.1 Hz), 5.58 (dd, 
1H, J = 4.1, 3.4 Hz), 3.71 (s, 3H), 3.67 (s, 3H), 3.09 (dd, 1H, J = 15.8, 3.1 
Hz), 3.05 (dd, 1H, J = 15.8, 2.1 Hz), 2.88-2.82 (m, 2H), 2.10-2.02 (m, 2H), 1.97-1.89 (m, 2H), 
1.80-1.73 (m, 2H), 1.69 (dd, 3H, J = 2.4, 2.4 Hz), 1.66-1.62 (m, 1H), 1.58-1.49 (m, 4H), 1.45-1.30 
(m, 7H); 13C NMR (151 MHz, CDCl3) δ 204.4, 169.8, 169.5, 140.4, 133.2, 128.9, 128.3, 123.0, 
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111.4, 109.3, 79.3, 73.2, 56.9, 52.88, 52.86, 45.4, 33.9, 33.8, 28.9, 26.0, 25.7, 24.7, 23.2, 23.0, 22.32, 
22.27, 22.19, 3.5; DART MS m/z 539 (M++1, 100); DART HRMS calcd for C31H39O6S 539.2467, 
found 539.2468. 
 
Dimethyl 2-(But-2-ynyl)-2-[5-(1-cyclohexenyl)-2-phenylsulfonylpenta-2,3-dienyl]malonate (80) 
Compound 80 was a colorless oil: IR 1958, 1736, 1308, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.3 Hz), 7.62 (t, 1H, J = 7.3 
Hz), 7.53 (dd, 2H, J = 7.3, 7.3 Hz), 5.74 (dddd, 1H, J = 7.8, 7.3, 2.7, 2.7 
Hz), 5.48 (brs, 1H), 3.674 (s, 3H), 3.669 (s, 3H), 3.10 (dd, 1H, J = 16.0, 2.7 Hz), 3.05 (dd, 1H, J = 
16.0, 2.7 Hz), 2.82 (dq, 1H, J = 17.4, 2.7 Hz), 2.77 (dq, 1H, J = 17.4, 2.3 Hz), 2.73-2.63 (m, 2H), 
1.99-1.93 (m, 4H), 1.66 (dd, 3H, J = 2.7, 2.3 Hz), 1.64-1.59 (m, 2H), 1.58-1.51 (m, 2H); 13C NMR 
(101 MHz, CDCl3) δ 204.5, 169.4, 140.2, 134.2, 133.2, 128.9, 128.2, 123.7, 108.3, 101.0, 79.3, 72.8, 
56.5, 52.9, 52.8, 36.7, 28.6, 28.2, 25.2, 22.8, 22.7, 22.1, 3.5; DART MS m/z 471 (M++1, 79.2); 




Compound 79o was a colorless oil: IR 3308, 1952, 1738, 1306, 1151 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.8 Hz), 7.62 (t, 1H, J = 7.8 
Hz), 7.53 (dd, 2H, J = 7.8, 7.8 Hz), 5.81 (dd, 1H, J = 3.0, 2.7 Hz), 
5.43-5.41 (m, 1H), 3.71 (s, 3H), 3.69 (s, 3H), 3.13-3.12 (m, 2H), 2.91 (d, 
2H, J = 2.5 Hz), 2.31-2.27 (m, 4H), 1.90 (t, 1H, J = 2.5 Hz), 1.87-1.80 (m, 2H), 1.17 (s, 3H), 1.12 (s, 
3H); 13C NMR (101 MHz, CDCl3) δ 202.9, 169.3, 169.1, 149.6, 140.1, 133.3, 129.0, 128.4, 123.8, 
111.8, 109.9, 78.3, 71.9, 56.3, 53.03, 53.00, 38.6, 32.3, 31.7, 28.8, 26.6, 26.4, 23.6, 22.6; DART MS 




Compound 79p was a colorless oil: IR 1952, 1736, 1306, 1150 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.6 Hz), 7.61 (t, 1H, J = 7.6 
Hz), 7.53 (dd, 2H, J = 7.6, 7.6 Hz), 5.76 (dd, 1H, J = 3.1, 2.4 Hz), 5.68 
(dd, 1H, J = 6.9, 6.5 Hz), 3.70 (s, 3H), 3.66 (s, 3H), 3.13 (dd, 1H, J = 
15.8, 3.1 Hz), 3.08 (dd, 1H, J = 15.8, 2.4 Hz), 2.87 (dq, 1H, J = 17.2, 2.4 Hz), 2.83 (dq, 1H, J = 17.2, 
2.4 Hz), 2.18-2.16 (m, 2H), 2.12-2.09 (m, 2H), 1.76-1.72 (m, 2H), 1.67 (dd, 3H, J = 2.4, 2.4 Hz), 
1.44-1.40 (m, 4H), 1.13 (s, 3H), 1.07 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 203.6, 169.6, 169.4, 
149.5, 140.4, 133.2, 128.9, 128.3, 125.2, 111.8, 109.8, 79.4, 72.9, 56.6, 52.93, 52.87, 43.0, 33.0, 29.3, 
28.8, 28.2, 27.3, 26.8, 25.95, 25.89, 23.0, 3.5; DART MS m/z 513 (M++1, 100); DART HRMS calcd 
for C29H37O6S 513.2311, found 513.2309. 
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Dimethyl 2-[5,5-Diethyl-2-phenylsulfonylhepta-2,3,6-trienyl]-2-(prop-2-ynyl)malonate (94a). 
Compound 94a was a colorless oil: IR 3308, 1952, 1736, 1306, 1151 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.3 Hz), 7.62 (t, 1H, J =7.3 Hz), 
7.53 (dd, 2H, J = 7.3, 7.3 Hz), 5.75 (t, 1H, J = 2.7 Hz), 5.64 (dd, 1H, J =17.4, 
11.0 Hz), 5.11 (dd, 1H, J =11.0, 0.9 Hz), 5.04 (dd, 1H, J =17.4, 0.9 Hz), 3.72 
(s, 3H), 3.70 (s, 3H), 3.10 (d, 2H, J = 2.7 Hz), 2.92 (d, 2H, J = 2.7 Hz), 1.91 (t, 1H, J = 2.7 Hz), 
1.52-1.41 (m, 4H), 0.83 (t, 3H, J = 7.3 Hz), 0.82 (t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 
204.2, 169.3, 169.1, 142.3, 140.1, 133.3, 129.0, 128.3, 114.7, 109.6, 109.3, 78.3, 71.9, 56.3, 53.0, 
46.7, 29.7, 29.2, 28.8, 22.6, 8.42, 8.38; DART MS m/z 459 (M++1, 100); DART HRMS calcd for 
C25H31O6S 459.1841, found 459.1835. 
 
Dimethyl 2-(But-2-ynyl)-2-[5,5-diethyl-2-phenylsulfonylhepta-2,3,6-trienyl]malonate (94b). 
Compound 94b was a colorless oil: IR 1952, 1736, 1306, 1150 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.3 Hz), 7.62 (t, 1H, J = 7.3 Hz), 7.53 
(dd, 2H, J = 7.3, 7.3 Hz), 5.73 (dd, 1H, J = 2.7, 2.3 Hz), 5.64 (dd, 1H, J = 17.4, 
10.5 Hz), 5.11 (dd, 1H, J = 10.5, 0.9 Hz), 5.04 (dd, 1H, J = 17.4, 0.9 Hz), 3.70 
(s, 3H), 3.68 (s, 3H), 3.11 (dd, 1H, J = 16.0, 2.7 Hz), 3.06 (dd, 1H, J = 16.0, 2.3 Hz), 2.85 (q, 2H, J = 
2.3 Hz), 1.66 (t, 3H, J = 2.3 Hz), 1.51-1.40 (m, 4H), 0.83 (t, 3H, J = 7.3 Hz), 0.82 (t, 3H, J = 7.3 Hz): 
13C NMR (101 MHz, CDCl3) δ 204.4, 169.7, 169.4, 142.4, 140.2, 133.3, 128.9, 128.3, 114.6, 109.7, 
109.0, 79.4, 72.9, 56.7, 52.90, 52.88, 46.7, 29.9, 29.2, 28.8, 23.0, 8.40, 8.38, 3.4; DART MS m/z 473 
(M++1, 100); DART HRMS calcd for C26H33O6S 473.1998, found 473.2001. 
 
(E)-Dimethyl 2-(But-2-ynyl)-2-(5,5-dimethyl-2-phenylsulfonyldeca-2,3,6-trienyl)malonate (95) 
Compound 95 was a colorless oil: IR 1954, 1736, 1306, 1150 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.3 Hz), 7.72 (t, 1H, J = 7.3 
Hz), 7.53 (dd, 2H, J = 7.3, 7.3 Hz), 5.69 (t, 1H, J = 2.7 Hz), 5.42 (dt, 1H, J 
= 15.6, 6.4 Hz), 5.33 (d, 1H, J = 15.6 Hz), 3.70 (s, 3H), 3.66 (s, 3H), 3.12 
(d, 2H, J = 2.7 Hz), 2.83 (q, 2H, J = 2.3 Hz), 1.95 (dt, 2H, J = 6.9, 6.4 Hz), 1.67 (t, 3H, J = 2.3 Hz), 
1.36 (tq, 2H, J = 7.3, 6.9 Hz), 1.09 (s, 3H), 1.06 (s, 3H), 0.88 (t, 3H, J = 7.3 Hz); 13C NMR (101 
MHz, CDCl3) δ 202.7, 169.6, 169.4, 140.1, 136.8, 133.3, 128.9, 128.4, 128.1, 112.0, 110.2, 79.4, 
72.9, 56.5, 52.9, 52.8, 38.6, 34.6, 28.6, 27.4, 27.2, 22.9, 22.5, 13.6, 3.5; DART MS m/z 487 (M++1, 
100); DART HRMS calcd for C27H35O6S 487.2154, found 487.2158. 
 
(Z)-Dimethyl 2-(But-2-ynyl)-2-(5,5-dimethyl-2-phenylsulfonyldeca-2,3,6-trienyl)malonate (96a). 
Compound 96a was a colorless oil: IR 1952, 1736, 1306, 1150 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.3 Hz), 7.61 (t, 1H, J = 7.3 Hz), 7.53 
(dd, 2H, J = 7.3, 7.3 Hz), 5.93 (dd, 1H, J = 3.2, 2.7 Hz), 5.35-5.24 (m, 2H), 
3.69 (s, 3H), 3.66 (s, 3H), 3.14 (dd, 1H, J = 16.0, 3.2 Hz), 3.08 (dd, 1H, J = 
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16.0, 2.7 Hz), 2.87 (dq, 1H, J = 16.9, 2.7 Hz), 2.82 (dq, 1H, J = 16.9, 2.7 Hz), 2.21 (dt, 2H, J = 7.3, 
7.3 Hz), 1.67 (dd, 3H, J = 2.7, 2.7 Hz), 1.40 (tq, 2H, J = 7.3, 7.3 Hz), 1.21 (s, 3H), 1.20 (s, 3H), 0.94 
(t, 3H, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 203.0, 169.6, 169.4, 140.4, 135.8, 133.3, 131.6, 
128.9, 128.3, 112.8, 110.4, 79.4, 72.9, 56.6, 52.93, 52.88, 38.1, 30.2, 29.3, 29.0, 28.5, 23.2, 23.0, 
13.7, 3.5; DART MS m/z 487 (M++1, 100); DART HRMS calcd for C27H35O6S 487.2154, found 
487.2162. 
 
(Z)-Dimethyl 2-(But-2-ynyl)-2-(5,5-dimethyl-2-phenylsulfonyldodeca-2,3,6-trienyl)malonate (96b). 
Compound 96b was a colorless oil: IR 1952, 1736, 1306, 1150 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.90 (d, 2H, J = 7.3 Hz), 7.61 (t, 1H, J = 7.3 Hz), 7.53 
(dd, 2H, J = 7.3, 7.3 Hz), 5.93 (dd, 1H, J = 2.7, 2.7 Hz), 5.32-5.22 (m, 2H), 
3.69 (s, 3H), 3.66 (s, 3H), 3.14 (dd, 1H, J = 16.0, 2.7 Hz), 3.08 (dd, 1H, J = 
16.0, 2.7 Hz), 2.87 (dq, 1H, J = 16.9, 2.7 Hz), 2.82 (dq, 1H, J = 16.9, 2.3 Hz), 2.21 (dt, 2H, J = 6.9, 
6.9 Hz), 1.67 (dd, 3H, J = 2.7, 2.3 Hz), 1.38-1.24 (m, 6H), 1.20 (s, 3H), 1.19 (s, 3H), 0.89 (t, 3H, J = 
6.9 Hz); 13C NMR (101 MHz, CDCl3) δ 202.9, 169.4, 169.3, 140.3, 135.4, 133.2, 131.7, 128.8, 128.2, 
112.6, 110.3, 79.3, 72.8, 56.4, 52.80, 52.75, 38.0, 31.3, 29.7, 29.2, 28.9, 28.3, 28.2, 22.9, 22.5, 13.9, 
3.4; DART MS m/z 515 (M++1, 100); DART HRMS calcd for C29H39O6S 515.2467, found 515.2462. 
 
Trimethyl 9-(1-Cyclohexenyl)-8-hydroxy-9-methyldeca-1,6-diyne-1,4,4-tricarboxylate (77d). 
To a solution of alcohol 77a (323 mg, 0.89 mmol) and pTsOH (17.1 mg, 
0.09 mmol) in CH2Cl2 (5.0 mL) were added DHP (0.10 mL, 0.99 mmol) 
at room temperature. The reaction mixture was stirred for 2 h at the same 
temperature. The reaction was quenched by addition of saturated aqueous 
NaHCO3, and extracted with AcOEt. The extract was washed with water and brine, dried, and 
concentrated to dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt 
(10:1) to afford the crude ether (204 mg, 0.46 mmol). To a solution of the crude ether in THF (2.0 
mL) was added LHMDS (0.60 mL, 0.60 mmol, 1.0 M solution in THF) at –78 °C. After stirring for 
30 min, to the reaction mixture was added a solution of ClCO2Me (0.05 mL, 0.6 mmol) in THF (2.0 
mL). The resulting mixture was stirred for 1 h at room temperature. The reaction was quenched by 
addition of saturated aqueous NH4Cl, and extracted with Et2O. The extract was washed with water 
and brine, dried, and concentrated to dryness. The residue was passed through a short pad of silica 
gel with hexane-AcOEt (7:1) to afford the crude ester (103 mg, 0.20 mmol). To a solution of the 
crude ester in EtOH (2.0 mL) was added PPTS (10.1 mg, 0.04 mmol) at room temperature. The 
reaction was quenched by addition of saturated aqueous NaHCO3, and extracted with Et2O. The 
extract was washed with water and brine, dried, and concentrated to dryness. The residue was 
chromatographed with hexane-AcOEt (5:1) to afford 77d (54.7 mg, 0.13 mmol, 15% for 3 steps) as a 
colorless oil: IR 3456, 1742, 1713 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.58-5.57 (m, 1H), 4.18 (brs, 
1H), 3.70 (s, 6H), 3.68 (s, 3H), 3.06 (s, 2H), 2.97 (s, 2H), 2.05-2.00 (m, 2H), 1.92-1.85 (m, 2H), 1.72 
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(brs, 1H), 1.57-1.48 (m, 4H), 1.03 (s, 3H), 0.97 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 168.6, 153.5, 
140.4, 123.4, 83.3, 83.1, 79.3, 75.4, 67.8, 56.2, 53.3, 52.6, 43.9, 25.6, 24.5, 23.4, 23.2, 23.1, 23.0, 





To a solution of 77d (54.7 mg, 0.130 mmol) in THF (2.0 mL) were added 
Et3N (0.11 mL, 0.78 mmol) and PhSCl (0.050 mL, 0.39 mmol) at –78 °C. 
The reaction mixture was stirred for 30 min at the same temperature. The 
reaction was quenched by addition of saturated aqueous NaHCO3, and 
extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt (5:1) to afford 
the crude sulfoxide (68.4 mg). To a solution of the crude sulfoxide in EtOH (1.0 mL) was added a 
solution of (NH4)6Mo7O24•4H2O (161 mg, 0.130 mmol) and 30% aqueous H2O2 (1.0 mL) in EtOH 
(1.0 mL) at 0 °C. The reaction mixture was stirred for 2 h at the same temperature. The reaction was 
quenched by addition of saturated aqueous NaHCO3 and extracted with AcOEt. The extract was 
washed with water and brine, dried, and concentrated to dryness. The residue was chromatographed 
with hexane-AcOEt (6:1) to afford 79d (65.1 mg, 89% for 2 steps) as a colorless oil; IR 1950, 1740, 
1713 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.90-7.88 (m, 2H), 7.64-7.60 (m, 1H), 7.56-7.52 (m, 2H), 
5.79 (t, 1H, J = 2.8 Hz), 5.52-5.51 (m, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 3.10 (d, 2H, J = 
2.8 Hz), 3.08 (d, 2H, J = 2.8 Hz), 2.05-1.99 (m, 2H), 1.96-1.95 (m, 2H), 1.65-1.48 (m, 4H), 1.12 (s, 
3H), 1.07 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 203.4, 168.79, 168.75, 153.5, 142.0, 139.9, 133.5, 
129.1, 128.4, 120.9, 112.6, 109.4, 83.2, 56.2, 53.3, 52.6, 41.9, 29.3, 26.3, 26.1, 25.4, 24.8, 23.1, 22.9, 





To a solution of 81 (238 mg, 1.00 mmol) and DHP (0.10 mL, 1.10 mmol) 
in CH2Cl2 (10 mL) was added PPTS (25.1 mg, 0.1 mmol) at room 
temperature. After stirring for 5 h, the solvent was evaporated off. The 
residue was passed through a short pad of silica gel with hexane-AcOEt 
(5:1) to afford the crude ether (322 mg, 1.00 mmol). To a solution of the crude ether in THF (10 mL) 
was added LHMDS (1.4 mL, 1.4 mmol, 1.0 M solution in THF) at –78 °C. After stirring for 30 min, 
aldehyde (213 mg, 1.4 mmol) was added to the mixture, and the reaction mixture was further stirred 
for 30 min at the same temperature. The reaction was quenched by addition of saturated aqueous 
NH4Cl, and the mixture was extracted with AcOEt. The extract was washed with water and brine, 
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dried, and concentrated to dryness. The residue was passed through a short pad of silica gel with 
hexane-AcOEt (3:1) to afford the crude alcohol (342 mg, 0.70 mmol). To a solution of the crude 
alcohol and Et3N (0.41 mL, 4.2 mmol) in THF (7.0 mL) was added PhSCl (0.16 mL, 2.1 mmol) 
slowly at –78 °C. After stirring for 1 h at the same temperature, the reaction was quenched by 
addition of saturated aqueous NaHCO3, and the mixture was extracted with AcOEt. The extract was 
washed with water and brine, dried, and concentrated to dryness. The residue was passed through a 
short pad of silica gel with hexane-AcOEt (3:1) to afford the crude sulfoxide (407 mg). To a solution 
of the crude sulfoxide in EtOH (5.0 mL) was added a solution of (NH4)6Mo7O24•4H2O (865 mg, 0.70 
mmol) and 30 % aqueous H2O2 (4.0 mL) in EtOH (3.0 mL) at 0 °C. After stirring for 3 h, the 
reaction mixture was quenched by addition of saturated aqueous NaHCO3, and the mixture was 
extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was chromatographed with CH2Cl2 to afford the crude sulfone (256 mg). To a 
solution of the crude sulfone in EtOH (5.0 mL) was added PPTS (25 mg, 0.10 mmol). The reaction 
mixture was stirred for 12 h at the same temperature. The reaction was quenched by addition of 
saturated aqueous NaHCO3, and extracted with AcOEt. The extract was washed with water and brine, 
dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt (2:3) to 
afford 79f (196 mg, 0.38 mmol, 38% for 5 steps) as a colorless oil; IR 3531, 1952, 1736 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.90 (d, 2H, J = 8.2 Hz), 7.63 (t, 1H, J = 7.2 Hz), 7.54 (dd, 2H, J = 8.2, 
7.2 Hz), 5.77 (dd, 1H, J = 3.1, 2.7 Hz), 5.50-5.49 (m, 1H), 4.16-4.15 (m, 2H), 3.70 (s, 3H), 3.69 (s, 
3H), 3.16 (dd, 1H, J = 16.2, 2.7 Hz), 3.12 (dd, 1H, J = 16.2, 3.1 Hz), 2.98 (dt, 1H, J = 17.2, 2.1 Hz), 
2.95 (dt, 1H, J = 17.2, 2.1 Hz), 2.03-2.01 (m, 2H), 1.97-1.94 (m, 2H), 1.63-1.50 (m, 4H), 1.11 (s, 
3H), 1.05 (s, 3H), 0.88 (t, 1H, J = 6.9 Hz); 13C NMR (151 MHz, CDCl3) δ 202.7, 169.32, 169.27, 
142.1, 140.0, 133.4, 129.0, 128.3, 120.8, 112.8, 109.9, 82.5, 80.2, 56.2, 53.1, 51.1, 41.8. 31.6, 28.8, 
26.2, 26.0, 25.4, 24.8, 23.1, 22.7, 22.6, 22.2, 14.1; DART MS m/z 515 (M++1, 100); DART HRMS 
calcd for C28H35O7S 515.2104, found 515.2087. 
 
Preparation of 2-(1-Cyclohexenyl)-7,7-bis(hydroxymethyl)- 2-methyl- 
5-phenylsulfonyltetradeca-3,4-dien-9-yne (79i). 
To a solution of 79h (105 mg, 0.20 mmol) in MeOH (4 mL) was added 
conc. HCl (0.12 mL) at room temperature. After stirring for 5 h, the reaction 
was quenched with NaOAc (250 mg, 3.0 mmol), then the solvent was 
evaporated off. The residue was chromatographed with hexane-AcOEt (3:1) 
to afford 79i (90.9 mg, 94%) as a colorless amorphous solid: IR 3495, 1948, 1304, 1144 cm-1; 1H 
NMR (600 MHz, CDCl3) δ 7.89 (d, 2H, J = 7.4 Hz), 7.64 (t, 1H, J = 7.4 Hz), 7.55 (dd, 2H, J = 7.4, 
7.4 Hz), 5.745-5.751 (m, 1H), 5.51-5.49 (m, 1H), 3.69 (d, 1H, J = 11.9 Hz), 3.68 (s, 2H), 3.61 (d, 1H, 
J = 11.9 Hz), 2.55 (dd, 1H, J = 15.1, 1.5 Hz), 2.51 (dd, 1H, J = 15.1, 2.2 Hz), 2.11-2.08 (m, 4H), 
2.03-1.99 (m, 2H), 1.97-1.94 (m, 2H), 1.63-1.49 (m, 4H), 1.44-1.39 (m, 2H), 1.38-1.32 (m, 2H), 1.12 









133.6, 129.1, 128.2, 120.8, 111.3, 110.3, 83.5, 75.2, 67.0, 66.4, 44.1, 41.9, 31.0, 27.7, 26.39, 26.37, 
25.4, 24.8, 23.1, 22.2, 22.1, 21.9, 18.4, 13.5; DART MS m/z 485 (M++1, 100); DART HRMS calcd 
for C29H41O4S 485.2726, found 485.2725. 
 
2-(1-Cyclohexenyl)-3-[(1,1-dimethylethyl)dimethylsilyloxy]-2-methylnona-4,8-diyne (84). 
To a solution of hexa-1,5-diyne (50% pentane solution, 0.39 mL, 2.0 mmol) in 
THF (10 mL) was added LHMDS (2.4 mL, 2.4 mmol, 1.0 M solution in THF) at –
78 °C. After stirring for 30 min, aldehyde (396 mg, 2.6 mmol) was added to the 
mixture, and the resulting mixture was further stirred for 30 min at the same 
temperature. The reaction was quenched by addition of saturated aqueous NH4Cl, and the mixture 
was extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt (5:1) to afford 
the crude alcohol (343 mg, 1.49 mmol). To a solution of the crude alcohol and TBSCl (270 mg, 1.79 
mmol) in CH2Cl2 (10 mL) was added imidazole (203 mL, 2.98 mmol) at room temperature. After 
stirring for 3 h, the reaction mixture was quenched by addition of saturated aqueous NH4Cl and 
extracted with Et2O. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was chromatographed with hexane-AcOEt (7:1) to afford 84 (385 mg, 1.12 
mmol, 56% for 2 steps) as a colorless oil; IR 3308, 1711 cm-1; 1H NMR (600 MHz, CDCl3) δ 
5.48-5.46 (m, 1H), 4.17 (t, 1H, J = 2.1 Hz), 2.38-2.35 (m, 2H), 2.33-2.30 (m, 2H), 1.97-1.90 (m, 5H), 
1.55-1.43 (m, 4H), 1.01 (s, 3H), 0.97 (s, 3H), 0.82 (s, 9H), 0.06 (s, 3H), 0.04 (s, 3H); 13C NMR (151 
MHz, CDCl3) δ 141.2, 121.3, 82.9, 82.0, 69.14, 69.05, 44.1, 25.8, 25.7, 24.9, 23.4, 22.6, 22.4, 22.3, 
18.9, 18.8, 18.1, -4.3, -5.3; DART MS m/z 345 (M++1, 5.0); DART HRMS calcd for C22H37OSi 
345.2614, found 345.2620. 
 
2-(1-Cyclohexenyl)-2-methyldeca-4,8-diyn-3-ol (77m). 
To a solution of 84 (285 mg, 1.12 mmol) in THF (10 mL) was added nBuLi (1.14 
mL, 1.68 mmol, 1.50 M solution in hexane) at –78 °C. After stirring for 30 min, 
iodomethane (0.14 mL, 2.24 mmol) was added to the mixture, and the reaction 
mixture was further stirred for 12 h at room temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl, and the mixture was extracted 
with AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was passed through a short pad of silica gel with hexane to afford the crude silyl ether (319 
mg, 0.91 mmol). To a solution of the crude silyl ether in THF (5 mL) was added TBAF (0.98 mL, 
0.98 mmol, 1.0 M solution in THF) at room temperature. After stirring for 12 h, the reaction mixture 
was quenched by addition of water, and extracted with Et2O. The extract was washed with water and 
brine, dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt 
(10:1) to afford 77m (385 mg, 0.87 mmol, 77% for 2 steps) as a colorless oil; IR 3051 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 5.61-5.59 (m, 1H), 4.20 (t, 1H, J = 1.7 Hz), 2.35-2.32 (m, 2H), 2.28-2.25 (m, 
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2H), 2.02-1.96 (m, 3H), 1.92-1.86 (m, 1H), 1.71-1.70 (m, 4H), 1.60-1.55 (m, 1H), 1,54-1.40 (m, 3H), 
1.09 (s, 3H), 1.02 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 140.8, 123.8, 84.8, 80.1, 77.8, 68.1, 44.3, 
25.8, 24.8, 23.9, 23.5, 22.4, 20.9, 19.6, 19.2, 3.7; DART MS m/z 245 (M++1, 4.2); DART HRMS 
calcd for C17H25O 245.1905, found 245.1921. 
 
2-(1-Cyclohexenyl)-2-methyl-5-phenylsulphonyldeca-3,4-dien-8-yne (79m) 
To a solution of 77m (140 mg, 0.87 mmol) and Et3N (0.73 mL, 5.2 mmol) in 
THF (10 mL) was added PhSCl (0.29 mL, 2.6 mmol) slowly at –78 °C. After 
stirring for 1 h at the same temperature, the reaction was quenched by 
addition of saturated aqueous NaHCO3, and the mixture was extracted with 
AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was passed through a short pad of silica gel with hexane-AcOEt (7:1) to afford the crude 
sulfoxide (307 mg). To a solution of the crude sulfoxide in EtOH (5.0 mL) was added a solution of 
(NH4)6Mo7O24•4H2O (1.19 g, 0.40 mmol) and 30 % aqueous H2O2 (5.0 mL) in EtOH (5.0 mL) at 
0 °C. The reaction mixture was stirred at 0 °C until complete disappearance of the starting material 
was confirmed by TLC analysis. Then, the reaction mixture was quenched by addition of saturated 
aqueous NaHCO3, and the mixture was extracted with AcOEt. The extract was washed with water 
and brine, dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt 
(15:1) to afford 79m (276 mg, 75% for 2 steps) as a colorless oil; IR 1956 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.90 (d, 2H, J = 7.2 Hz), 7.63-7.60 (m, 1H), 7.54-7.52 (m, 2H), 5.76 (t, 1H, J = 3.1 Hz), 
5.53-5.52 (m, 1H), 2.48 (ddd, 2H, J = 7.5, 7.2, 3.1 Hz), 2.28-2.25 (m, 2H), 2.03-2.01 (m, 2H), 
1.97-1.94 (m, 2H), 1.71 (dd, 3H, J = 2.1, 2.1 Hz), 1.60-1.56 (m, 2H), 1.55-1.50 (m, 2H), 1.11 (s, 3H), 
1.09 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 202.3, 142.6, 140.5, 133.5, 129.2, 128.4, 120.8, 113.9, 
112.3, 77.7, 76.8, 41.7, 27.3, 26.62, 26.58, 25.7, 25.1, 23.4, 22.5, 17.9, 3.7; DART MS m/z 369 
(M++1, 100); DART HRMS calcd for C23H29O2S 369.1888, found 369.1899. 
 
Dimethyl 2-(But-2-ynyl)-2-[6-(1-cyclohexenyl)-5-hydroxy-6-methylhept-3-ynyl)malonate (77n). 
To a solution of 85 (156 mg, 0.51 mmol) in MeOH (5.0 mL) was added 
K2CO3 (152 mg, 1.10 mmol) at room temperature. The reaction mixture 
was stirred for 2.5 h at the same temperature. The reaction was 
quenched by addition of saturated aqueous NH4Cl and extracted with 
Et2O. The extract was washed with water and brine, dried, and concentrated to dryness. The residue 
was passed through a short pad of silica gel with hexane-AcOEt (10:1) to afford the crude diyne (101 
mg, 0.43 mmol). To a solution of the crude diyne (101 mg) in THF (4.0 mL) was added LHMDS (0.7 
mL, 0.7 mmol, 1.0 M solution in THF) at –78 °C. After stirring for 30 min, to the reaction mixture 
was added a solution of aldehyde (91.3 mg, 0.60 mmol) in THF (1.0 mL). The resulting mixture was 
stirred for 1 h at room temperature. The reaction was quenched by addition of saturated aqueous NH-
4Cl, and extracted with Et2O. The extract was washed with water and brine, dried, and concentrated 
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to dryness. The residue was chromatographed with hexane-AcOEt (6:1) to afford 77n (140 mg, 0.36 
mmol, 71% for 2 steps) as a colorless oil; IR 3533, 1732 cm-1; 1H NMR (400 MHz, CDCl3) δ 
5.60-5.58 (m, 1H), 4.18 (brs, 1H), 3,67 (s, 6H), 2.71 (q, 2H, J = 2.7 Hz), 2.26-2.21 (m, 2H), 
2.17-2.12 (m, 2H), 2.01-1.83 (m, 4H), 1.77 (brs, 1H), 1.69 (t, 3H, J = 2.7 Hz), 1.59-1.44 (m, 4H), 
1.07 (s, 3H), 1.00 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.6, 170.5, 140.6, 123.4, 84.5, 79.7, 79.1, 
72.9, 68.0, 56.6, 52.8, 44.0, 31.2, 25.6, 24.6, 23.6, 23.2, 22.2, 20.9, 14.2, 3.5; DART MS m/z 389 




To a solution of 77n (140 mg, 0.36 mmol) and Et3N (0.30 mL, 1.08 mmol) 
in THF (5.0 mL) was added PhSCl (0.12 mL, 2.2 mmol) slowly at –78 °C. 
After stirring for 1 h at the same temperature, the reaction was quenched by 
addition of saturated aqueous NaHCO3, and the mixture was extracted with 
AcOEt. The extract was washed with water and brine, dried, and 
concentrated to dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt 
(5:1) to afford the crude sulfoxide (179 mg). To a solution of the crude sulfoxide in EtOH (3.0 mL) 
was added a solution of (NH4)6Mo7O24•4H2O (494 mg, 0.40 mmol) and 30 % aqueous H2O2 (2.0 
mL) in EtOH (3.0 mL) at 0 °C. The reaction mixture was stirred at 0 °C to room temperature until 
complete disappearance of the starting material was confirmed by TLC analysis. Then, the reaction 
mixture was quenched by addition of saturated aqueous NaHCO3, and the resulting mixture was 
extracted with AcOEt. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was chromatographed with hexane-CH2Cl2 (1:1) to afford 79n (44.3 mg, 24% 
for 2 steps) as a colorless oil; IR 1958, 1734 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.90-7.88 (m, 2H), 
7.64-7.59 (m 1H), 7.55-7.51 (m, 2H), 5.76-5.75 (m, 1H), 5.53-5.51 (m, 1H), 3.70 (s, 6H), 2.75-2.74 
(m, 2H), 2.26-2.21 (m, 2H), 2.17-2.11 (m, 2H), 2.03-2.01 (m, 2H), 1.96-1.94 (m, 2H), 1.70-1.69 (m, 
3H), 1.59-1.52 (m, 4H), 1.12 (s, 3H) 1.08 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 201.9, 170.41, 
170.39, 142.2, 140.2, 133.3, 128.9, 128.2, 120.6, 114.3, 112.2, 79.0, 72.8, 56.6, 52.7, 41.4, 30.7, 26.6, 
26.4, 25.4, 24.9, 23.5, 23.2, 22.3, 22.1, 3.4; DART MS m/z 513 (M++1, 100); DART HRMS calcd 
for C29H37O6S 513.2311, found 513.2301. 
 
Preparation of Dimethyl 2-[5-(1-Cyclohexenyl)-2-(diethoxyphosphinyl)- 
5-methylhexa-2,3-dienyl]-2-(prop-2-ynyl)malonate (79q). 
To a solution of 77a (72.1 mg, 0.2 mmol) and Et3N (60 µL, 0.40 mmol) in 
THF (4 mL) was added diethylchlorophosphite (40 µL, 0.30 mmol) 
slowly at –78 °C. After stirring for 12 h, the reaction mixture was refluxed, 
and further stirred for 1.5 h. Then, the reaction mixture was passed 
through a pad of Celite and the filtrate was concentrated and chromatographed with hexane-AcOEt 
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(2:1) to afford 79q (47.8 mg, 50%) as a colorless oil: IR 3308, 1948, 1736 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 5.58 (dd, 1H, J = 3.8, 3.4 Hz), 5.38 (ddd, 1H, J = 13.1, 2.7, 2.4 Hz), 4.14-4.02 (m, 4H), 
3.74 (s, 3H), 3.73 (s, 3H), 3.04-2.95 (m, 4H), 2.05-2.00 (m, 4H), 2.01 (t, 1H, J = 2.7 Hz), 1.64-1.49 
(m, 4H), 1.33 (dd, 3H, J = 7.2, 6.9 Hz), 1.32 (dd, 3H, J = 7.2, 6.9 Hz) 1.18 (s, 3H), 1.17 (s, 3H); 13C 
NMR (151 MHz, CDCl3) δ 208.3 (d, J = 2.9 Hz), 169.7, 169.6, 142.7 (d, J = 2.9 Hz), 120.1, 104.3 (d, 
J = 17.3 Hz), 90.4 (d, J = 190.7 Hz), 79.0, 71.5, 62.2 (d, J = 5.8 Hz), 62.1 (d, J = 5.8 Hz), 56.8 (d, J 
= 7.2 Hz), 52.8, 40.7 (d, J = 5.8 Hz), 29.8 (d, J = 8.7 Hz), 26.5 (d, J = 2.9 Hz), 26.4 (d, J = 2.9 Hz), 
25.4, 24.8, 23.2, 22.4, 22.3, 16.3, 16.2 (d, J = 5.8 Hz); 31P NMR (162 MHz, CDCl3) δ 17.8; DART 
MS m/z 481 (M++1, 100); DART HRMS calcd for C25H38O7P 481.2355, found 481.2348. 
 
Preparation of Dimethyl 2-(But-2-ynyl)-2-[5,5-diethyl-2-methylhepta-2,3,6-trienyl]malonate (79r). 
To a solution of 91b (21 mg, 0.061 mmol) and Et3N (0.10 mL, 0.72 mmol) in 
CH2Cl2 (0.6 mL) was added MsCl (3 drops) slowly at 0 °C. After stirring for 
20 min at the same temperature, the reaction was quenched by addition of 
saturated aqueous NaHCO3, and the mixture was extracted with CH2Cl2. The 
extract was washed with water and brine, dried, and concentrated to dryness to afford the crude 
mesylate. To a solution of CuCN (20 mg, 0.23 mmol) and LiCl (19 mg, 0.46 mmol) in THF (0.3 mL) 
was added MeLi (0.2 mL, 0.23 mmol, 1.13 M in Et2O) slowly at –78 °C. Then the reaction mixture 
was warmed to room temperature, and the solids were dissolved at this temperature. The mixture was 
cooled to –78 °C again, and a solution of the crude mesylate in THF (0.3 mL) was added slowly to 
the reaction mixture. After stirring for 2 h at the same temperature, the reaction was quenched by 
addition of saturated aqueous NH4Cl and 28% ammonia solution. The mixture was extracted with 
AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was chromatographed with hexane-AcOEt to afford 79r (12.6 mg, 59 %) as a colorless oil: 
IR 1961, 1734 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.68 (dd, 1H, J = 17.9, 11.0 Hz), 5.03 (dd, 1H, J 
= 11.0, 1.8 Hz), 4.97 (dd, 1H, J = 17.9, 1.8 Hz), 4.89-4.86 (m, 1H), 3.72 (s, 3H), 3.70 (s, 3H), 
2.92-2.78 (m, 3H), 2.65 (dd, 1H, J = 14.2, 1.4 Hz), 1.72 (dd, 3H, J = 2.7, 2.3 Hz), 1.65 (d, 3H, J = 
3.2 Hz), 1.49-1.34 (m, 4H), 0.80 (dd, 3H, J = 7.8, 7.3 Hz), 0.79 (dd, 3H, J = 7.8, 7.3 Hz); 13C NMR 
(151 MHz, CDCl3) δ 203.0, 170.7, 170.6, 144.8, 112.8, 96.5, 95.0, 78.9, 73.7, 57.1, 52.6, 52,5, 45.1, 
36.1, 30.2, 30.0, 22.9, 20.5, 8.5, 3.4; DART MS m/z 347 (M++1, 100); DART HRMS calcd for 
C21H31O4 347.2222, found 347.2222. 
 
General Procedure for Rh(I)-Catalyzed Intramolecular [2+2+2] Cycloaddition. 
To a solution of the allene-ene-yne (0.025-0.10 mmol) in solvent (1.0 mL) was added Rh(I) catalyst 
under N2 atmosphere. Then the reaction mixture was stirred at an appropriate temperature until 
complete disappearance of the starting material was confirmed by TLC analysis. The solvent was 
evaporated off, and the residue was chromatographed with hexane-AcOEt to afford the cyclized 





Compound 82a was a colorless oil: IR 1734, 1304, 1146 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.97 (d, 2H, J = 7.2 Hz), 7.59 (t, 1H, J = 7.2 Hz), 7.54 (dd, 
2H, J = 7.2, 7.2 Hz), 5.81 (d, 1H, J = 4.8 Hz), 3.64 (s, 3H), 3.62 (s, 3H), 3.22 
(d, 1H, J = 17.9 Hz), 3.15 (d, 1H, J = 17.9 Hz), 2.75 (d, 1H, J = 14.4 Hz), 
2.73 (d, 1H, J = 14.4 Hz), 2.25 (s, 1H), 2.20 (ddd, 1H, J = 5.5, 5.2, 4.8 Hz), 1.90-1.85 (m, 1H), 
1.60-1.54 (m, 3H), 1.31-1.19 (m, 2H), 1.15-1.07 (m, 1H), 0.94 (s, 3H), 0.89-0.82 (m, 1H), 0.73 (s, 
3H); 13C NMR (151 MHz, CDCl3) δ 170.5, 170.3, 144.1, 142.9, 140.6, 132.7, 128.9, 126.8, 126.0, 
53.3, 52.8, 35.8, 34.6, 33.3, 32.8, 32.0, 29.5, 26.4, 23.8, 23.7, 23.6, 16.8; DART MS m/z 485 (M++1, 




Compound 82b was a colorless oil; IR 1736, 1298, 1146 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.95-7.94 (m, 2H), 7.58-7.55 (m, 1H), 7.53-7.50 (m, 2H), 
3.66 (s, 3H), 3.61 (s, 3H), 3.29 (d, 1H, J = 17.5 Hz), 3.06 (d, 1H, J = 17.5 
Hz), 2.93 (d, 1H, J = 14.4 Hz), 2.46 (d, 1H, J = 14.4 Hz), 2.33 (s, 1H), 
2.01-1.99 (m, 1H), 1.96-1.94 (m, 1H), 1.80 (s, 3H), 1.63-1.49 (m, 3H), 1.30 (d, 1H, J = 13.7 Hz), 
1.17-1.10 (m, 1H), 0.99 (s, 3H), 0.94-0.86 (m, 1H), 0.74 (s, 3H), 0.57-0.53 (m, 1H); 13C NMR (151 
MHz, CDCl3) δ 170.9, 170.2, 147.7, 146.5, 143.6, 132.4, 128.8, 126.4, 126.1, 120.9, 53.4, 52.8, 52.5, 
43.0, 34.1, 33.3, 33.1, 30.8, 30.65, 30.61, 27.4, 25.4, 24.6, 24.4, 19.7, 17.3; DART MS m/z 499 




Compound 82c was a colorless oil: IR 1734, 1298, 1146 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.95 (d, 2H, J = 7.2 Hz), 7.56 (t, 1H, J = 7.2 Hz), 7.52 (dd, 
2H, J = 7.2, 7.2 Hz), 3.69 (s, 3H), 3.61 (s, 3H), 3.34 (d, 1H, J = 17.8 Hz), 
3.04-3.02 (m, 2H), 2.43 (d, 1H, J = 14.3 Hz), 2.40-2.36 (m, 1H), 2.28 (s, 1H), 
2.10 (dd, 1H, J = 11.3, 3.3 Hz), 1.95-1.93 (m, 1H), 1.91-1.86 (m, 1H), 1.61-1.53 (m, 2H), 1.50 (dd, 
1H, J = 13.6, 4.0 Hz), 1.42-1.24 (m, 5H), 1.16-1.09 (m, 1H), 0.97 (s, 3H), 0.91 (t, 3H, J = 6.2 Hz), 
0.88-0.84 (m, 1H), 0.79 (s, 3H), 0.53 (ddd, 1H, J = 13.2, 13.2, 3.3 Hz); 13C NMR (151 MHz, CDCl3) 
δ 171.1, 170.1, 152.1, 146.7, 143.7, 132.4, 128.8, 126.4, 121.0, 53.5, 52.8, 52.5, 41.2, 34.9, 33.42, 
33.37, 30.9, 30.6, 30.3, 30.1, 27.6, 25.6, 24.7, 24.6, 23.5, 17.6, 13.9; DART MS m/z 541 (M++1, 







Compound 82d was a colorless oil: IR 1736, 1263, 1146 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.96 (d, 2H, J = 7.2 Hz), 7.60 (t, 1H, J = 7.2 Hz), 7.55 (dd, 
2H, J = 7.2, 7.2 Hz), 3.78 (s, 3H), 3.66 (s, 3H), 3.64, (s, 3H), 3.29 (d, 1H, J = 
18.2 Hz), 3.17 (d, 1H, J = 15.1 Hz), 3.15 (d, 1H, J = 18.2 Hz), 2.68 (d, 1H, J 
= 15.1 Hz), 2.54 (dd, 1H, J = 11.3, 4.1 Hz), 2.36 (s, 1H), 2.02-1.99 (m, 1H), 1.60-1.53 (m, 3H), 
1.35-1.33 (m, 1H), 1.20-1.12 (m, 1H), 1.00 (s, 3H), 0.93-0.85 (m, 1H), 0.83 (s, 3H), 0.72-0.65 (m, 
1H); 13C NMR (151 MHz, CDCl3) δ 170.3, 169.9, 168.4, 144.6, 142.8, 141.0, 132.9, 132.5, 129.7, 
129.0, 126.6, 53.1, 52.9, 52.8, 52.0, 37.7, 34.6, 33.1, 33.0, 32.2, 30.7, 30.6, 27.7, 24.8, 24.5, 24.1, 





Compound 82e was a colorless amorphous solid: IR 1736, 1298, 1144 cm-1; 
1H NMR (600 MHz, CDCl3) δ 7.96 (d, 2H, J = 7.7 Hz), 7.57 (t, 1H, J = 7.7 
Hz), 7.52 (dd, 2H, J = 7.7, 7.7 Hz), 3.72 (s, 3H), 3.60 (s, 3H), 3.40 (d, 1H, J 
= 18.0 Hz), 2.97 (dd, 1H, J = 14.1, 1.0 Hz), 2.95 (d, 1H, J = 18.0 Hz), 2.66 
(dd, 1H, J = 14.1, 0.9 Hz), 2.31 (dd, 1H, J = 11.3, 3.4 Hz), 2.19 (s, 1H), 1.77-1.73 (m, 1H), 1.59-1.50 
(m, 3H), 1.30-1.25 (m, 1H), 1.15-1.03 (m, 1H), 0.95 (s, 3H), 0.90-0.81 (m, 1H), 0.73 (s, 3H), 0.41 
(ddd, 1H, J = 13.4, 11.3, 3.3 Hz), 0.20 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 171.0, 169.9, 154.3, 
145.2, 143.5, 132.8, 132.5, 129.0, 128.9, 126.4, 53.3, 52.9, 52.6, 39.8, 36.5, 35.1, 33.44, 33.40, 31.2, 
30.8, 27.0, 25.7, 24.6, 24.3, 18.0, 0.2; DART MS m/z 557 (M++1, 95.3); DART HRMS calcd for 




Compound 82f was a colorless oil: IR 1734, 1261, 1146 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.93 (d, 2H, J = 7.7 Hz), 7.59 (t, 1H, J = 7.7 Hz), 7.53 (dd, 
2H, J = 7.7, 7.7 Hz), 4.27 (dd, 1H, J = 12.7, 4.1 Hz), 4.17 (dd, 1H, J = 12.7, 
5.8 Hz), 3.69 (s, 3H), 3.61 (s, 3H), 3.40 (d, 1H, J = 17.9 Hz), 3.11-3.06 (m, 
2H), 2.50 (d, 1H, J = 14.1 Hz), 2.39 (s, 1H), 2.34 (dd, 1H, J = 11.3, 4.1 Hz), 2.28-2.26 (m, 1H), 
2.10-2.07 (m, 1H), 1.65-1.54 (m, 3H), 1.37-1.34 (m, 1H), 1.21-1.13 (m, 1H), 0.97 (s, 3H), 0.96-0.93 
(m, 1H), 0.76 (s, 3H), 0.58 (ddd, 1H, J = 24.4, 13.1, 3.4 Hz); 13C NMR (151 MHz, CDCl3) δ 170.7, 
170.6, 148.9, 145.8, 143.1, 132.7, 128.9, 128.6, 126.5, 123.9, 62.7, 53.5, 53.1, 52.9, 39.9, 34.3, 33.2, 
33.1, 30.8, 30.5, 30.4, 27.4, 25.2, 24.50, 24.48, 17.5; DART MS m/z 515 (M++1, 4.9); DART HRMS 










Compound 82g was a colorless amorphous solid: IR 1312, 1302, 1148 cm-1; 
1H NMR (600 MHz, CDCl3) δ 8.01-7.92 (m, 6H), 7.75-7.70 (m, 2H), 
7.62-7.50 (m, 7H), 3.53 (d, 1H, J = 19.2 Hz), 3.40 (d, 1H, J = 19.2 Hz), 3.29 
(d, 1H, J = 15.5 Hz), 2.58 (d, 1H, J = 15.5 Hz), 2.20 (s, 1H), 2.08-2.03 (m, 
2H), 1.77 (s, 3H), 1.71-1.66 (m, 1H), 1.55-1.48 (m, 2H), 1.29-1.26 (m, 1H), 1.19-1.12 (m, 1H), 
1.04-0.87 (m, 5H), 0.70 (s, 3H) ; 13C NMR (101 MHz, CDCl3) δ 148.5, 146.7, 143.2, 136.4, 135.4, 
134.9, 134.7, 132.7, 131.33, 131.26, 129.03, 128.98, 128.7, 126.2, 123.8, 118.4, 86.6, 43.1, 33.5, 
32.9, 30.7, 30.2, 29.2, 27.5, 26.3, 25.3, 24.5, 24.1, 20.3, 17.1; DART MS m/z 663 (M++1, 36.1); 




Compound 82h was a colorless oil: IR 1286, 1140 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.84 (d, 2H, J = 7.2 Hz), 7.56 (t, 1H, J = 7.2 Hz), 7.50 (dd, 2H, J = 
7.2, 7.2 Hz), 3.72 (d, 1H, J = 11.3 Hz), 3.51 (d, 1H, J = 11.3 Hz), 3.45 (dd, 1H, 
J = 12.0, 1.7 Hz), 3.43 (dd, 1H, J = 12.0, 1.7 Hz), 2.91 (d, 1H, J = 14.1 Hz), 
2.52 (d, 1H, J = 18.2 Hz), 2.46-2.41 (m, 2H), 2.34 (d, 1H, J = 18.2 Hz), 2.14-2.08 (m, 2H), 1.97-1.93 
(m, 1H), 1.72 (d, 1H, J = 14.1 Hz), 1.65-1.61 (m, 2H), 1.56-1.51 (m, 1H), 1.45-1.26 (m, 11H), 
1.20-1.07 (m, 2H), 0.91 (t, 3H, J = 7.2 Hz), 0.80 (s, 3H), 0.75-0.67 (m, 4H); 13C NMR (150 MHz, 
CDCl3) δ 151.8, 146.7, 143.8, 132.4, 128.9, 126.4, 126.2, 122.4, 98.3, 69.0, 66.4, 41.4, 35.1, 33.9, 
33.8, 32.9, 32.7, 31.0, 30.5, 30.4, 30.1, 27.4, 26.9, 25.6, 24.8, 24.7, 23.5, 20.5, 17.6, 13.8; DART MS 




Compound 82i was a colorless amorphous solid: IR 3495, 1283, 1144 cm-1; 1H 
NMR (400 MHz, CDCl3) δ 7.87 (d, 2H, J = 7.3 Hz), 7.56 (t, 1H, J = 7.3 Hz), 
7.50 (dd, 2H, J = 7.3, 7.3 Hz), 3.65 (d, 1H, J = 11.0 Hz), 3.55 (d, 1H, J = 11.0 
Hz), 3.49 (d, 1H, J = 11.0 Hz), 3.45 (d, 1H, J = 11.0 Hz), 2.77 (brs, 1H), 
2.55-2.35 (m, 6H), 2.12 (dd, 1H, J = 11.4, 3.2 Hz), 2.05 (dd, 1H, J = 13.7, 2.7 Hz), 1.94-1.87 (m, 1H), 
1.72 (d, 1H, J = 14.7 Hz), 1.67-1.61 (m, 2H), 1.58-1.51 (m, 1H), 1.41-1.24 (m, 5H), 1.22-1.05 (m, 
2H), 0.89 (t, 3H, J = 6.9 Hz), 0.83 (s, 3H), 0.76-0.66 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 151.1, 
146.8, 143.6, 132.5, 129.0, 126.8, 126.3, 122.1, 70.1, 66.8, 41.1, 39.1, 34.9, 33.7, 33.0, 31.8, 31.0, 
30.4, 30.3, 29.2, 27.4, 25.6, 24.9, 24.6, 23.5, 17.6, 13.9; DART MS m/z 485 (M++1, 100); DART 






Compound 82j was a colorless amorphous solid: IR 1306, 1161 cm-1; 1H NMR 
(600 MHz, CDCl3) δ 7.86-7.85 (m, 2H), 7.62-7.57 (m, 3H), 7.55-7.52 (m, 2H), 
7.24 (d, 1H, J = 7.9 Hz), 4.39 (d, 1H, J = 17.5 Hz), 4.32 (d, 1H, J = 14.4 Hz), 4.14 
(d, 1H, J = 17.5 Hz), 3.33 (d, 1H, J = 14.4 Hz), 2.40 (s, 3H), 2.33-2.28 (m, 1H), 
2.24 (s, 1H), 2.08 (dd, 1H, J = 11.3, 3.4 Hz), 1.97-1.92 (m, 1H), 1.89-1.87 (m, 1H), 1.62-1.59 (m, 
2H), 1.51 (ddd, 1H, J = 13.7, 13.4, 3.8 Hz), 1.39-1.30 (m, 4H), 1.25-1.10 (m, 2H), 1.02-0.96 (m, 1H), 
0.92 (t, 3H, J = 7.2 Hz), 0.87 (s, 3H), 0.64 (s, 3H), 0.41 (ddd, 1H, J = 25.1, 13.4, 3.1 Hz); 13C NMR 
(151 MHz, CDCl3) δ 151.2, 146.1, 143.6, 142.9, 134.6, 132.9, 129.7, 129.1, 127.5, 126.4, 125.0, 
119.5, 46.3, 43.5, 40.3, 34.0, 33.2, 32.2, 30.9, 30.6, 30.0, 27.6, 25.5, 24.6, 24.4, 23.3, 21.5, 17.2, 





 Compound 82k was a colorless oil; IR 1308, 1148 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.90-7.88 (m, 2H), 7.59-7.57 (m, 1H), 7.53-7.51 (m, 2H), 4.62 (d, 1H, J 
= 16.0 Hz), 4.52 (d, 1H, J = 16.0 Hz), 4.43 (d, 1H, J = 13.4 Hz), 4.00 (d, 1H, J = 
13.4 Hz), 2.39 (s, 1H), 2,24-2,19 (m, 1H), 2,15 (dd, 1H, J = 11.3, 3.4 Hz), 
2.06-2.04 (m, 1H), 1.97-1.92 (m, 1H), 1.71-1.64 (m, 2H), 1.61-1.56 (m, 1H), 1.44-1.36 (m, 2H), 1.31 
(tq, 2H, J = 7.2, 7.2 Hz), 1.25-1.12 (m, 3H), 0.90-0.87 (m, 7H), 0.70 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 148.8, 145.2, 143.4, 132.7, 129.0, 127.1 126.3, 121.2, 66.4, 64.7, 40.2, 34.2, 32.7, 31.6, 
31.1, 30.7, 29.9, 27.3, 25.5, 24.7, 24.6, 23.3, 17.3, 13.7; DART MS m/z 427 (M++1, 42.6); DART 




Compound 82l was a colorless oil: IR 1736, 1298, 1144 cm-1; 1H NMR (400 
MHz, CDCl3) δ 7.99-7.96 (m, 2H), 7.59-7.50 (m, 3H), 3.69 (s, 3H), 3.58 (s, 
3H), 3.28 (d, 1H, J = 17.9 Hz), 3.05-2.97 (m, 2H), 2.42 (d, 1H, J = 14.2 Hz), 
2.30 (s, 1H), 2.08-2.05 (m, 1H), 1.93-1.89 (m, 1H), 1.80 (s, 3H), 1.74-1.24 
(m, 14H), 1.18-1.07 (m, 1H), 0.79-0.67 (m, 1H), 0.54-0.44 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 
171.0, 170.2, 148.0, 146.8, 143.6, 132.4, 128.8, 126.4, 124.9, 121.2, 53.4, 52.9, 52.5, 42.8, 35.6, 34.7, 
34.0, 33.2, 33.1, 31.2, 30.5, 29.9, 27.0, 26.8, 26.3, 25.7, 25.3, 24.4, 19.6; DART MS m/z 539 (M++1, 







 Compound 83 was a colorless oil: IR 1736, 1306, 1150 cm-1; 1H NMR (400 
MHz, CDCl3) δ 7.84 (d, 2H, J = 7.3 Hz), 7.55 (t, 1H, J = 7.3 Hz), 7.46 (dd, 
2H, J = 7.3, 7.3 Hz), 6.34 (d, 1H, J = 16.0 Hz), 6.09 (q, 1H, J = 7.3 Hz), 5.85 
(d, 1H, J = 16.0 Hz), 5.72-5.70 (m, 1H), 3.65 (s, 6H), 3.20 (s, 2H), 2.85 (s, 
2H), 2.15-2.12 (m, 4H), 1.77 (d, 3H, J = 7.3 Hz), 1.73-1.67 (m, 2H), 
1.65-1.59 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 170.5, 146.9, 142.2, 140.4, 135.4, 134.0, 132.70, 
132.65, 132.2, 129.7, 128.6, 127.3, 118.8, 53.5, 52.8, 32.4, 30.5, 26.1, 24.2, 22.4, 22,3, 14.3; DART 
MS m/z 471 (M++1, 48.6); DART HRMS calcd for C26H31O6S 471.1841, found 471.1847. 
 
2,9,9-Trimethyl-6-phenylsulfonyltetracyclo-[8.4.0.03,7.08,10]tetradeca-2,6-diene (82m) 
Compound 82m was a colorless oil: IR 1302, 1148 cm-1; 1H NMR (600 MHz, 
CDCl3) δ 7.91 (d, 2H, J = 7.2 Hz), 7.57 (t, 1H, J = 7.2 Hz), 7.51 (dd, 2H, J = 7.2, 
7.2 Hz), 2.79-2.73 (m, 1H), 2.65-2.61 (m, 1H), 2.46-2.41 (m, 1H), 2.35-2.29 (m, 
1H), 2.09-2.05 (m, 1H), 2.03-2.01 (m, 1H), 1.71-1.61 (m, 7H), 1.51-1.48 (m, 1H), 
1.32-1.24 (m, 2H), 1.22 (s, 3H), 0.96-0.90 (m, 1H), 0.70 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 
152.2, 142.4, 138.4, 135.5, 133.0, 132.5, 128.9, 126.9, 41.2, 33.0, 31.2, 30.9, 30.8, 29.3, 27.1, 25.9, 
25.1, 24.5, 24.3, 18.5, 16.8; DART MS m/z 369 (M++1, 94.6); DART HRMS calcd for C23H29O2S 




Compound 82n was a colorless oil: IR 1730, 1285, 1142 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.84 (d, 2H, J = 7.2 Hz), 7.55 (t, 1H, J = 7.2 Hz), 7.50 (dd, 
2H, J = 7.2, 7.2 Hz), 3.76 (s, 3H), 3.70 (s, 3H), 3.02-2.97 (m, 2H), 2.80 (d, 
1H, J = 14.8 Hz), 2.52 (dd, 1H, J = 19.2, 12.0 Hz), 2.39-2.28 (m, 2H), 2.26 (s, 
1H), 1.95-1.91 (m, 2H), 1.68-1.61 (m, 5H), 1.48 (ddd, 1H, J = 13.7, 13.4, 3.8 Hz), 1.36 (d, 1H, J = 
13.7 Hz), 1.16-1.02 (m, 2H), 0.82-0.75 (m, 1H), 0.69, (s, 3H), 0.58 (s, 3H); 13C NMR (151 MHz, 
CDCl3) δ 171.8, 171.3, 151.8, 150.5, 143.9, 133.5, 132.3, 128.9, 126.1, 121.8, 56.8, 52.9, 52.6, 43.7, 
37.0, 34.6, 34.0, 32.5, 30.7, 27.9, 26.8, 25.6, 24.9, 24.6, 19.2, 17.5; DART MS m/z 513 (M++1, 88.0); 




Compound 82o was a colorless oil: IR 1736, 1306, 1148 cm-1; 1H NMR (600 
MHz, CDCl3) δ 7.98 (d, 2H, J = 7.3 Hz), 7.61 (t, 1H, J = 7.3 Hz), 7.55 (dd, 
2H, J = 7.3, 7.3 Hz), 5.93 (d, 1H, J = 3.9 Hz), 3.67 (s, 3H), 3.57 (s, 3H), 3.34 
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(d, 1H, J = 17.8 Hz), 3.07 (d, 1H, J = 17.8 Hz), 2.85 (dd, 1H, J = 14.6, 1.1 Hz), 2.73 (ddd, 1H, J = 
14.6, 1.8, 1.8 Hz), 2.40-2.37 (m, 1H), 2.10-2.05 (m, 1H), 1.99 (s, 1H), 1.88 (ddd, 1H, J = 6.5, 6.4, 6.0 
Hz), 1.65-1.59 (m, 1H), 1.56-1.47 (m, 1H), 1.44-1.37 (m, 2H), 0.97 (s, 3H), 0.57 (s, 3H); 13C NMR 
(151 MHz, CDCl3) δ 170.5, 170.2, 142.5, 142.2, 138.5, 132.9, 130.7, 128.9, 127.4, 127.1, 53.1, 52.9, 
52.7, 37.6, 36.2, 35.1, 34.1, 33.8, 33.6, 30.8, 25.4, 24.8, 24.1, 16.0; DART MS m/z 471 (M++1, 69.6); 




Compound 82p was a colorless oil: IR 1736, 1300, 1144 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.97-7.95 (m, 2H), 7.58-7.49 (m, 3H), 3.66 (s, 3H), 
3.61 (s, 3H), 3.34 (d, 1H, J = 17.4 Hz), 3.13 (d, 1H, J = 17.4 Hz), 2.97 (d, 
1H, J = 14.2 Hz), 2.61 (d, 1H, J = 14.2 Hz), 2.27 (brs, 1H), 2.00 (s, 1H), 
1.79 (s, 3H), 1.77-1.69 (m, 2H), 1.63 (dd, 1H, J = 13.3, 11.0 Hz), 1.45-1.18 (m, 5H), 1.12-1.03 (m, 
4H), 0.98-0.87 (m, 1H), 0.72 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.9, 170.3, 145.0, 144.8, 
143.6, 132.5, 128.8, 127.1, 126.5, 123.9, 53.3, 52.8, 52.6, 44.1, 33.1, 32.2, 31.9, 31.2, 30.1, 30.0, 
29.7, 28.3, 27.0, 25.1, 24.6, 20.4, 16.5; DART MS m/z 513 (M++1, 39.5); DART HRMS calcd for 
C29H37O6S 513.2311, found 513.2316. 
 
3,3-Diethyl-9,9-bis(methoxycarbonyl)-11-phenylsulfonyltricyclo[5.4.0.02,4]undeca-1(11),6-diene (97a). 
Compound 97a was a colorless oil: IR 1736, 1304, 1144 cm-1; 1H NMR (400 
MHz, CDCl3) δ 7.96 (d, 2H, J = 7.3 Hz), 7.61 (t, 1H, J = 7.3 Hz), 7.54 (dd, 2H, 
J = 7.3, 7.3 Hz), 5.85 (dd, 1H, J = 4.1, 3.7 Hz), 3.65 (s, 3H), 3.61 (s, 3H), 3.23 
(d, 1H, J = 17.9 Hz), 3.13 (d, 1H, J = 17.9 Hz), 2.82 (d, 1H, J = 14.7 Hz), 2.75 
(d, 1H, J = 14.7 Hz), 2.60-2.52 (m, 1H), 2.30 (d, 1H, J = 8.7 Hz), 2.24 (d, 1H, J = 21.1 Hz), 
1.94-1.86 (m, 1H), 1.31-1.22 (m, 1H), 1.08-0.85 (m, 6H), 0.65 (t, 3H, J = 7.3 Hz); 13C NMR (101 
MHz, CDCl3) δ 170.34, 170.32, 141.9, 141.1, 134.3, 132.9, 130.3, 128.9, 128.6, 127.3, 53.0, 52.8, 
36.2, 33.5, 30.4, 30.1, 23.8, 22.2, 20.3, 17.4, 10.0, 9.9; DART MS m/z 459 (M++1, 77.1); DART 




Compound 97b was a colorless oil: IR 1736, 1298, 1146 cm-1; 1H NMR (400 
MHz, CDCl3) δ 7.95 (d, 2H, J = 6.9 Hz), 7.59 (t, 1H, J = 7.3 Hz), 7.52 (dd, 2H, 
J = 7.3, 6.9 Hz), 3.64 (s, 3H), 3.63 (s, 3H), 3.32 (d, 1H, J = 17.4 Hz), 3.08 (d, 
1H, J = 17.4 Hz), 2.81 (brs, 2H), 2.53 (dd, 1H, J = 21.1, 8.2 Hz), 2.33 (d, 1H, 
J = 8.2 Hz), 2.20 (d, 1H, J = 21.1Hz), 1.95-1.77 (m, 4H), 1.28-1.19 (m, 1H), 1.04 (t, 1H, J = 8.2 Hz), 








142.4, 141.5, 132.7, 128.9, 128.3, 127.2, 123.4, 52.9, 52.78, 52.75, 32.8, 31.3, 30.6, 30.0, 29.1, 23.5, 
20.9, 20.2, 17.3, 10.02, 9.96; DART MS m/z 473 (M++1, 69.8); DART HRMS calcd for C26H33O6S 




Compound 98 was a colorless oil: IR 1736, 1330, 1144 cm-1; 1H NMR (400 
MHz, CDCl3) δ 7.95 (d, 2H, J = 7.8 Hz), 7.58 (t, 1H, J = 7.8 Hz), 7.53 (dd, 
2H, J = 7.8, 7.8 Hz), 3.63 (s, 6H), 3.25 (d, 1H, J = 17.9 Hz), 3.18 (d, 1H, J = 
17.9 Hz), 2.89 (d, 1H, J = 14.7 Hz), 2.68 (d, 1H, J = 14.7 Hz), 2.34 (d, 1H, J 
= 8.7 Hz), 2.26-2.23 (m, 1H), 1.80 (s, 3H), 1.48 (dt, 2H, J = 11.0, 5.0 Hz), 1.25-1.03 (m, 2H), 0.90 (s, 
3H), 0.852 (d, 1H, J = 8.7 Hz), 0.850 (t, 3H, J = 7.3 Hz), 0.61 (s, 3H); 13C NMR (101 MHz, CDCl3) 
δ 170.8, 170.5, 143.82, 143.76, 143.2, 132.6, 128.9, 128.2, 126.7, 124.1, 53.2, 52.8, 52.7, 38.3, 37.2, 
33.0, 31.2, 28.4, 28.2, 24.5, 22.1, 20.1, 18.4, 14.3, 13.8; DART MS m/z 487 (M++1, 100); DART 




Compound 99 was a colorless oil: IR 1734, 1302, 1144 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.99 (d, 2H, J = 8.2 Hz), 7.59 (t, 1H, J = 7.3 Hz), 
7.53 (dd, 2H, J = 8.2, 7.3 Hz), 5.42 (dt, 1H, J = 15.1, 6.4 Hz), 5.11 (ddt, 
1H, J = 15.1, 8.7, 1.4 Hz), 3.69 (s, 3H), 3.57 (s, 3H), 3.31 (d, 1H, J = 17.9 
Hz), 3.11 (dd, 1H, J = 17.9, 2.7 Hz), 3.02 (d, 1H, J = 15.1 Hz), 2.69 (dt, 2H, J = 7.8, 6.4 Hz), 2.36 (m, 
1H), 2.22 (d, 1H, J = 8.7 Hz), 2.00 (tq, 2H, J = 7.8, 7.3 Hz), 1.76 (s, 3H), 0.94 (t, 3H, J = 7.3 Hz), 
0.67 (s, 3H), 0.47 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.8, 170.4, 144.8, 144.2, 142.8, 135.5, 
132.8, 129.2, 128.8, 127.1, 126.8, 123.2, 56.8, 53.4, 52.9, 52.7, 36.5, 33.1, 33.0, 31.3, 27.1, 26.6, 





Compound 100a was a colorless oil: IR 1734, 1298, 1144 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.97 (d, 2H, J = 7.3 Hz), 7.60-7.51 (m, 3H), 3.68 (s, 
3H), 3.59 (s, 3H), 3.45 (d, 1H, J = 17.4 Hz), 3.05 (d, 1H, J = 17.4 Hz), 2.90 
(d, 1H, J = 15.1 Hz), 2.74 (d, 1H, J = 15.1 Hz), 2.56 (brs, 1H), 2.31 (d, 1H, J 
= 8.7 Hz), 1.81 (s, 3H), 1.73-1.64 (m, 1H), 1.63-1.52 (m, 1H), 1.44-1.31 (m, 1H), 1.30-1.16 (m, 1H), 
1.08 (dd, 1H, J = 8.7, 8.2 Hz), 0.95 (t, 3H, J = 7.3 Hz), 0.91 (s, 3H), 0.65 (s, 3H); 13C NMR (101 
MHz, CDCl3) δ 170.9, 170.5, 144.8, 143.1, 142.8, 132.7, 129.2, 128.9, 127.0, 123.4, 53.2, 52.9, 52.7, 
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38.1, 33.0, 32.8, 32.0, 28.4, 25.9, 24.0, 22.3, 21.1, 18.8, 16.3, 14.2; DART MS m/z 487 (M++1, 43.4); 




Compound 100b was a colorless oil: IR 1736, 1304, 1144 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 7.97 (d, 2H, J = 6.9 Hz), 7.59 (t, 1H, J = 7.8 Hz), 
7.53 (dd, 2H, J = 7.8, 6.9 Hz), 3.68 (s, 3H), 3.59 (s, 3H), 3.45 (d, 1H, J = 
17.4 Hz), 3.05 (d, 1H, J = 17.4 Hz), 2.90 (d, 1H, J = 15.6 Hz), 2.74 (d, 1H, 
J = 15.6 Hz), 2.57-2.52 (m, 1H), 2.31 (d, 1H, J = 8.7 Hz), 1.80 (s, 3H), 1.76-1.67 (m, 1H), 1.59-1.49 
(m, 1H), 1.42-1.14 (m, 6H), 1.08 (dd, 1H, J = 8.7, 8.2 Hz), 0.92 (s, 3H), 0.90 (t, 3H, J = 8.7 Hz), 0.64 
(s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.9, 170.4, 144.9, 142.8, 132.7, 129.2, 128.9, 126.97, 
126.95, 123.4, 53.1, 52.9, 52.7, 38.4, 32.7, 32.0, 31.9, 30.6, 28.3, 27.6, 26.0, 24.0, 22.6, 22.3, 18.8, 




[9.4.0.02,4.04,9]pentadeca-1(15), 10-diene (82q). 
Compound 82q was a colorless oil: IR 1734 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 5.67 (dd, 1H, J = 4.6, 4.1 Hz), 4.16-4.04 (m, 4H), 3.68 (s, 3H), 3.67 
(s, 3H), 3.00 (dd, 1H, J = 17.9, 6.4 Hz), 2.83 (dd, 1H, J = 17.9, 6.0 Hz), 2.72 
(s, 2H), 2.23-2.17 (m, 1H), 2.15 (s, 1H), 1.93-1.86 (m, 1H), 1.73-1.59 (m, 
4H), 1.36 (dd, 3H, J = 7.3, 6.9 Hz), 1.34 (t, 3H, J = 6.9 Hz), 1.27-1.22 (m, 2H), 1.18 (s, 3H), 
0.95-0.81 (m, 4H); 13C NMR (151 MHz, CDCl3) δ 171.2, 170.8, 146.4 (d, J = 10.1 Hz), 138.1, 126.5 
(d, J = 20.2 Hz), 116.3 (d, J = 180.6 Hz), 61.3, 53.7 (d, J = 11.6 Hz), 52.6 (d, J = 8.7 Hz), 35.9, 34.8, 
34.3 (d, J = 13.0 Hz), 33.7 (d, J = 7.2 Hz), 33.3, 30.6, 29.0, 25.3, 24.2, 24.0, 17.0, 16.5 (d, J = 5.8 
Hz), 16.4 (d, J = 5.8 Hz); 31P NMR (162 MHz, CDCl3) δ 21.0; DART MS m/z 481 (M++1, 100); 
DART HRMS calcd for C25H38O7P 481.2355, found 481.2361. 
 
3,3-Diethyl-9,9-bis(methoxycarbonyl)-6,11-dimethyltricyclo[5.4.0.02,4]undeca-1(11),6-diene (82r). 
Compound 82r was a colorless oil: IR 1732 cm-1; 1H NMR δ 3.70 (s, 3H), 
3.63 (s, 3H), 2.98 (d, 1H, J = 14.7 Hz), 2.75-2.59 (m, 3H), 2.36 (dd, 1H, J = 
19.7, 8.7 Hz), 2.02 (d, 1H, J = 19.7 Hz), 1.84 (s, 3H), 1.69 (s, 3H), 1.48 (dq, 
1H, J = 7.3, 7.3 Hz), 1.28 (d, 1H, J = 8.7 Hz), 1.15 (dq, 1H, J = 7.3, 7.3 Hz), 
1.04 (dq, 1H, J = 7.3, 7.3 Hz), 0.88 (dd, 3H, J = 7.3, 7.3 Hz), 0.86-0.78 (m, 2H), 0.74 (dd, 3H, J = 
7.3, 6.9 Hz); 13C NMR (101 MHz, CDCl3) δ 172.2, 171.4, 127.7, 126.6, 124.3, 123.5, 53.9, 52.6, 
52.3, 37.4, 31.6, 30.0, 28.0, 27.8, 22.5, 20.2, 19.5, 19.2, 17.2, 10.5, 10.1; DART MS m/z 347 (M++1, 









Preparation of 10-Butyl-13,13-bis(1H-indole-2-ylcarbonyloxymethyl)-3,3-dimethyl- 
15-phenylsulfonyltetracyclo-[9.4.0.02,4.04,9]pentadeca-1(15),10-diene (82s). 
To a solution of 82i (12.5 mg, 0.026 mmol) in CH2Cl2 (1 mL) were 
added indol-2-carboxylic acid (12.5 mg, 0.077 mmol), EDC·HCl (30 mg, 
0.16 mmol) and DMAP (3.1 mg, 0.026 mmol) at room temperature. 
After stirring for 3 h, the reaction was quenched by addition of saturated 
aqueous NaHCO3, and the mixture was extracted with CH2Cl2. The 
extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was chromatographed with hexane-AcOEt (5:1) to afford 82s (11.8 mg, 59%) 
as a colorless plate: m.p. 128-130 °C (CHCl3); IR 3458, 1709, 1308, 1150 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 9.16 (s, 1H), 9.04 (s, 1H), 7.89 (d, 2H, J = 6.9 Hz), 7.62 (d, 1H, J = 8.0 Hz), 7.58 (d, 1H, J 
= 8.0 Hz), 7.51 (t, 1H, J = 7.3 Hz), 7.46 (dd, 2H, J = 7.3, 6.9 Hz), 7.41-7.26 (m, 4H), 7.22 (d, 1H, J = 
0.9 Hz), 7.16-7.10 (m, 3H), 4.47 (d, 1H, J = 11.0 Hz), 4.31 (d, 1H, J = 11.0 Hz), 4.30 (d, 1H, J = 11.4 
Hz), 4.17 (d, 1H, J = 11.4 Hz), 2.89 (s, 2H), 2.70 (d, 1H, J = 14.2 Hz), 2.50 (s, 1H), 2.35 (ddd, 1H, J 
= 13.3, 11.9, 3.2 Hz), 2.11 (dd, 1H, J = 11.0, 3.2 Hz), 2.03 (d, 1H, J = 14.2 Hz), 1.96 (dd, 1H, J = 
13.3, 2.3 Hz), 1.89-1.82 (m, 1H), 1.64-1.50 (m, 2H), 1.41-1.39 (m, 2H), 1.29-1.20 (m, 4H), 1.17-0.97 
(m, 2H), 0.87 (s, 3H), 0.83 (t, 3H, J = 6.9 Hz), 0.76 (s, 3H), 0.73-0.66 (m, 1H); 13C NMR (101 MHz, 
CDCl3) δ 161.6, 161.5, 152.3, 146.8, 143.5, 137.1, 137.0, 132.6, 129.0, 127.3, 126.6, 126.54, 126.46, 
126.2, 125.6, 125.5, 122.55, 122.50, 120.9, 120.8, 112.03, 111.98, 109.4, 109.1, 68.2, 65.5, 41.2, 
37.8, 34.8, 33.7, 33.0, 32.3, 31.0, 30.5, 30.3, 29.8, 27.6, 25.6, 24.7, 24.6, 23.4, 17.6, 13.6; DART MS 
m/z 771 (M++1, 10.2); DART HRMS calcd for C47H51N2O6S 771.3468, found 771.3455. The 
structure of 28 was unambiguously determined by an X-ray crystallography. 
 
Determination of the relative configurations of 98 and 100a 
 
We carried out NOE experiments for 98 and 100a to determine the relative configurations. The 
results indicated that NOE correlation between HA and HB in 98 was 1.1%, while the correlation 
between HA’ and HB’ in 100a was 6.7%. The relatively higher value of NOE correlation for 100a than 






Characterization data for optically active 79c obtained by the optical resolution of (±)-79c. 
1st peak of 79c; [α]D29 –10.3 (c 0.80, CHCl3); HPLC: (Daicel Chiralpak AS-H) λ = 254 nm; eluent: 
hexane/isopropanol = 98/2; flow rate: 1.0 mL min-1; tmajor = 21.17 min; ee = >99%. 
2nd peak of 79c; [α]D24 +11.8 (c 0.71, CHCl3); HPLC: (Daicel Chiralpak AS-H) λ = 254 nm; eluent: 
hexane/isopropanol = 98/2; flow rate: 1.0 mL min-1; tmajor = 29.40 min; ee = >99%. 
 
[2+2+2]cycloaddition products 6c produced from each optically active 79c. 
82c from 1st peak of 79c {(–)-79c}; [α]D24 +262.3 (c 0.66, CHCl3); HPLC: (Daicel Chiralpak AD-H) 
λ = 254 nm; eluent: hexane/isopropanol = 97/3; flow rate: 1.0 mL min-1; tminor = 19.44 min, tmajor = 
33.94 min; ee = 99%. 
82c from 2nd peak of 79c {(+)-79c}; [α]D24 –248.3 (c 0.65, CHCl3); HPLC: (Daicel Chiralpak AD-H) 
λ = 254 nm; eluent: hexane/isopropanol = 97/3; flow rate: 1.0 mL min-1; tmajor = 19.48 min, tminor = 
34.29 min; ee = 99%. 
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X-ray crystallographic data for compound 66f (CCDC 900711). 
 
 




























          
 






X-ray crystallographic data for 82s (CCDC 1017800) 
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